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(54) METHOD OF MANUFACTURING NITRIDE SEMICONDUCTOR, NITRIDE 
SEMICONDUCTOR DEVICE, METHOD OF MANUFACTURING THE SAME SEMICONDUCTOR 
LIGHT EMITTING DEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a nitride 
semiconductor formed through an ELOG method in 
crystallinity, to enable a resonator to have a large light 
confining coefficient, to form the resonator whose edge 
face is reduced in mirror loss, and to easily align a mask 
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for forming a ridge. 




SOLUTION: A GaN seed layer 12 for ELOG is formed on a sapphire substrate 11 through the 
intermediary of a low-temperature GaN buffer layer, and stripe-shaped protuberant parts 12a 
extending in the plane direction of the substrate and separating from one another by a certain 
space are provided to the upper part of the GaN seed layer 12. In succession, a silicon nitride 
film 13 is formed on the bases and wall surfaces of recessed parts 12b each interposed 
between the protuberant parts 12a f and then a GaN selection growth layer 14 is formed above 
the seed layer 12, coming into contact with the protuberant parts 12a so as to form air gaps 
between its under surface and the bases of the recessed parts 12b. 
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#1± HUffl (»7*) 



(54) [9B^05^fl;] ^fctt^Wflw*!*** 
(57) [fiffi] 

[flWt^lM t7r-rr^P,45««l 1±IC, Ga 
N/l^^Sff^^^Ti^iMrE LOGfflOG a N 
J&^fc* >~ Kg 1 2 £?BfiJc U KJi 1 2 <7)±8B 

<7>i&ffl5 1 2 a Sr^fiS-TSo it^T, a&U 2 a |SI±(CJ* 

V^bftS^^Bgl 3«:ML, ^60^, KB 1 
2CO±(C. #t£b«|Jl 2 a tWz1~Z>£ 9CG a NA^/jtS 
8ftj£ftfll l 4Sr-t<7)Tffii:*asi 2 b OlSffi t 





1 

im&mi] mtiL±lC A!, Ga, In, N (fB 
U . u, v, w {-± s 0 ^ u , v, w^l, u + v H- w = 

X*£<^ 

s ^ r# ^ -r 3 mi ig db ^5 m ± t-#e * n r & e <n jg® 
£it?^^£^/&-r£x*i<h, 

1, Ga v I n z N ({B U x, y, z (i, O^x, 
y, z^l, x + y + z = lt'*)5 fl ) /^tb^6||2GO 
^ f ^*?f$jl ^fifeS-t* 3 X*l <>: %m x. r ^ -5 C t 

[lit 3^1 2 ] huIE"^ * ^ RflM«M^ 

[ff^rlfi] SJS.fcU:, Al„ Ga v In, N (ffl. 
L x u, v, w , O^u, v, w^l, u + vH-w = 

ffim^x?mfr^m&i-hmmzM'&£hbLx, a\ s 

Ga> I n x N (ffiL, x, y, z f£, O^x, y, z 
£1, x + y + z = lt'J)5o ) *»b<C5»2^Sfk:«5 

[ft*Jl 7 ] * * ittRS^^ * 6 r b Sr» 

« £ i- 5 IB *il 6 icR«^>afk**Wi*a5ltJB*ifeo 
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m<tm^ u z> z b znm t -t 6 it #ji e tcissw^ft: 

10 flw»i£;fr«fc 0 

im&m 1 1 1 sffix^m i <nmtm*m&m *m& 

huie*^ wiEffi ^^-r s x^ b , 

±ow\zffi&^**mfaiDtem"tzcm&mi&&b l 

[^iii4] mmmmmz. iMt-> 

40 fk-^r-*)5wi:«r«r«i:-*-6fll*JSl 3 lc|E«w* 
[fibril 5] Bfjf2-^^^BIfi. m^i^^^D hoy 

[§s*iii 7] mie^^^w±»KjR**^f±iK»j{a 

50 fk**aH**^w»iS*rjfe 0 



( 3 ) 

3 

[»*js i 9 ] mm±izm i 

sejb i (nmtto^mfcmn-ki^ mm 1 waft*^** 
y v h^-v-t- sxa^^tpd kz&mk+zm&t&i 9 

[It^ri2i] Huie-^^^Bi^m<^^*ib/j:^r k& 30 
i!2 Uc:|E«^aft»*W»:*^wRiS*tt 0 

teJAittofrbtezzk t-rz m^m 1 9 keur w 

[SS*iI 2 6 ] ^IEi«l»*&JRX{iS5i5tt *^«(b^ 

h*x*h?>zk*&mk-fz>mjftm2 s\z^momitm^ 50 




«fBH 2002-9004 
4 

" ft L T«tf« IS^cDtihSfl 5 ii k , 

WfE£ffiW±OmrSS§.|£ba5oiIffi^, Al, Ga y In 
, N (ffl-U x, y, zf4, O^x, y, z^l x x + 

Ht*5V^T«l55lt*wj(tfflJS:JKfi8i-5xafc, 

tc, ssffliw^istRWtc, mi omitvo^mfcmk. 1% 
i/ ^ 2 asfMfe^fffrji a* e> ft 5 mm k s mm&m ct 

H9E«Jiftw±M, BulS^^tc^r^ y r ^riSiRWtca 

mm<n&MR XfM ® t , ml t BftS ft: Jc *; ^> glj ieSf SB <7) 

[»*^3 1] *rlE««ft:^«-r5Xatt, rniffi^ 
Jf ^ lESS-h (c / ^ y 7 r 8 * $ it S r <b ft < 

i:^^r^^i-^lt^cil2 9 lCfE«feco¥#ft* 

3 2 ] ss±jc**»fiR * jis 1 <nmtm 
i^ss 2 waftw^wft:*** «b ft 6 »tt»ao«KStt 

^•tpfllgft:^, 

[i»*JS 3 3 ] ffiKfflBi«<0±fcii, mjfdm 1 toMfb 



( 4 ) 

5 

mm t m-t z> x 5 t-?fM $ 2 <o&tefo*m(*m 
t, 

[If *tl 3 6] «tE»HSf*««ttffil*tt-e*)-sct 

3 7 ] fTufGfl 2 £>2fk4&**ft:Ji t i!uf£S§ 3 20 
^^{L^^^^co^tc^^^tt. mfEfg2<7)g{k4fc 
ttiMEiB 3 wafk**W*JB<o*wJB»f* J: 

jiffi^ms t sftfc-r 6^6 ^{btt##flE« £ $ «b jcfiB 
xlti^ cl t &&m± -tzmj&m 3 4 tcE«c<^fk#j^ 

ikM^m&m t (cgjwe^db^coTi® t * (Dj&m t <o 30 

rmk^ 1 omikW¥m&m<n±mz&rt zmm&ffi&m 40 
m&mz v ) t>±com : ffimtf'b£*<^ 5 <nm.\km*m\*m 

MESUf f*w±ic, fififE^tiJi(c^^ y T£3S«6<jtca: 
WKSUB 5 XStt. IfflE* 2 cO«<k»*»ft: 
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6 

[fS*JH4 0] «fre«»ft:S:ric*i-5xatt, 

t <nn \c s r /u * - ^ j* (om^tm^^ 2 (nmit^o^m 

fk*¥W#JB £iWEi!i«&<7)]Iffi <t -^^ifi^^^ t r> 
«t 9l^MtSXl^^tf- 3 9 

m*4[4 1 1 tf*e««#*ja«i-*xg«i. 

huESI 2 <7>g{k«¥*f*:II £ huIE^ 3 ^KfkM^ffM 
jeja-rsxSSr^-tfr i*r#«i:i--&l» **3 9fcf£i& 

[C^LT^:y^>y£tT&9X*M£^^ 

ffifB-^^^igtrB/a-f-sxgtt, fluie^^x 

y 7 ht7t5ii^r t«r#«ti-6Ml**3 9 

[fS;fcJS4 3] «rE^^^w±»mff^fe**cii* 

^mi:i-^ff^ri3 9 (cEtt^A{b«¥«#X^-^asiifi 

y^^, mitrntisv^^, mikT^z-vj*. mkm 

4 3 ^E«w*fk»*W**^-a?§»it*«fe. 

t»*l!4 6] H«E^^^lR*±, m^-^:? d Fd> 

J14 3 (cE^^KfkW^WflKR^^Rit^fc 
[»*3I4 7] gjE^^^IR*±iKi»^JaXttiai»^ 

&JBfk»A» b 1">5igAftJl 3 9 lwEtt<o 

Sfkft^*fls*^^»ig*jfc 0 
[ 4 8 ] fflEiSi«^^J8XliffiiB^&«^ 

[»**4 9] S«±(c»i©S[fk*^i»*JBSr^ 



7 

i-*x«t, 

HJ: 0 t>*(WiH*f**s,hSt^»5c75aft;W^3|«c«i:S: 

Ai" 6 6 Xfl £ * , 
lfflK«Ji»&J**i-£Xfitt, me*2<o*Yk4fc*W»: 
^<o*©JBW**SHuKfB3<o«fb**#tt:Jio*: 

[»*3*5 0] fflriS«Hi#:4:fi8«i-5xa(l, 

iutem i <n&{£to¥m»m k mzm 2 mmtm^mttm 
k<nm\z > w»«^iwiaiB 2 tomtom 

X 0 IdJgfifc-t-SXSSr^irr 4 9 

[»*I15 1 ] flftfEttJitt&^ihaXflte. 

k <»m^ mmm 2 ^jt^mi^mxnmmm 3 co^ 

^rit-*-5XSSr*tpri:«r#»fc-*-6»*:«4 9 (cfEIS 

i»*iS5 2] mE«[«^*a5fr»rt-r-5xs«, m 

RUlE^^^flg^Jf^-r^X^L ttBl^^^^^fc 
7 h*7-tZ>xm&$tf Z t«rW«i:i-Sfl|*Jl4 9 

[IS*iS 5 3 ] x ^ BglitSmffc^ 
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5 3 tC|B*roaEfk**W**-7-05ilift*8fe o 

^ y * & *m ^ XTfrtfL-t 6 w <b £ -f -6 W* 

iif> 115 3tC|E«<0^iki»**flE*^^»ig*fe 0 

5 7 ] huIS-^ x * KdiCH^ftJHXfiiKIH^ 
&JRfk4fca* btezzk k -T ^ 4 9 icie«<z> 
10 »k»****^^Kit#«feo 

[IS*3S 5 8 ] H&IEift»^^MXfii«B[#^JR^k*J3 

K"C*>* w£&4#m£t-£fj?5fcJS5 7 tc|B<8<ofifktt¥ 

WM5 9] S^Xid, Al u Ga, In, N (fl 
u , v, w{£ x O^u, v, w^l > u + v + w — 

i-c*>5„ ) ^f>ft5*i wa{k»^w»ji«r»flft-rs 

&mo-rx?fm%mf&-tz>j:mks 
&i-zmm&&t®omffix&zcffi£:m'&&k it, a 

1, Ga v In, N (ffi U x, y, z (i. O^x, 
y, z^l. x + y + z = lt'*)5o ) d*e>&£flUft£? 
S 2 ^*fk»*»*«fr*ft-r5XSi 4r«x.. 

«iia**wJB2^ftfk» i i £ *ffii«:^rti-5x««±, hu 
30 te#H2 t7DSfk^¥*f*:JH^:. &m2 0mitw¥m*m 

[s»*Ji6 i ] mffina^fiWfc^/araxgtt:, hu 

»ait5tt*«5 9 (cBEttogfkft^wflsiojiie* 
y^>. Kfka^k'>y3>, ^fkr/u^-^^, mtm 

fkryu^^^A, ^{k^-^>-. Mfk^^^^AXfiK 

fk = 3*-^T-^5^ir«:»ai:^-S«*3l6 2 (dlEtt^S 
50 fk****©«iS*fe. 
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[§***« 4] mm^x?mttmm&&m,xi*MM& 

[f*** 6 5 ] h& sEiSIB^JRXttSiK^^JSft:* 

Kt?*>5 r t i" £§1f** 6 4 fcK«*>*flS»¥ 

[1***6 6] XtK±fC, Al, Ga, In. N (fa 
L, u, v, w(i, O^U, V, w ^ 1 > u + v -f w = 

stM;ii»«r5i!frKflffl^ 

Ga v In, N (ffiL, x, y, z (i, O^x, y, z 
^ 1, x + y 4- z = 1 "CifoSo ) frh*£Z>W&0^2 01 

[1***6 7] HtflSfire®fiA®XrtM®-C^^^i: 
6 6 ^E*^*<k»*WffioJ(ift*r 

[1***6 8] Wte**^i£!ittS:»jai--5Xefi, ru 

JCJBrt-t-S I. ^ £ W» 6 6 

[f***6 9] BJgE-^ 5>* 6 wtS: 

Hs. 

[1**117 0] iWSSKiifm. mti/V^^s mtkis 
[1**117 1] 

[§*** 7 2 ] m&xtt&&mxr±mm&&mfk& 
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KT*&£r <^£#f!j&<^£ff**7 1 t£fE«Wfi{M&i£ 
* [ft** 7 3 ] »£_hlc£| i £>S4kfe¥*fM Srfl&S 

tcraW^fc%^T^I/5lSft<7)*«FP^^rSXS<t, 

R!g2<7)£{fc^^af.ft:JiJ; (9 fca:*/!,^— sp* V? 

WttB Sr^tf J: 9 Jc1Mkwfl|JiffS:rt*-*-5Xai: , 

ffiAi-smatSfc^ttSr-tix-PixJKrici-Sxai: Srfflfi, 
fflESJS^SfSfr^figSi-sxSfi, HulE#«fJi(££, 

it m c r t mzmmm^fr <b * s ^si^asa* 

20 «ffli-*J; 9JcJK«-t-5xa**trr t^irtSI 

[If** 7 4] ^TlE*SSS«Sffi(iAaaX*iMffi-C*>S 
n SB** 7 3 f ff*^ 

[1***75] B»e*»w»»«:«rti-5xa*i, fft 

< ft 5 J: 9tc|g^i-5 - ££4#&£-r5f**>S7 3 die 

30 [1***7 6] mm^ x?mi*mmm>b ft z>^t& 

W&b-t SI*** 7 3jc|Ett^Sfk;^*»flc*^-(7)«i3g 
[It** 7 7] HufS^«(${i, ^fkv-y K{k-> 

[1***7 8] Hufe-^^^flI(ii^ii!^JlX(i^ffii^ 
&*fk«*»e>4S C t Ir1#mcbi-6I***7 3 tcl£^<7) 
40 «fk»#W»*^<nJBiS*ffi 0 

If*** 7 9 ] fflGiSKjKftKXaffitt£Mft:M 

Kt?fc5: ^ <i:-rst*** 7 8 KfE«S(7^ffc«D¥ 

[t***8 o ] mm±^m 1 w^fk«9^«»s4-^ 

miens l ^afk«3¥z»<*Sa5±Sf|j|c, 
l-WH*fcv^ri6t/safcO»««:»rt1-5XSi: , 
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<nmizffi&^x*m>bmm+zmt&&m&&k 

S*Sf»J^»*b, -tix-t'ix^, sB2<o»ft:»*W»:Jii:, K 
^ fc^^M"* — ^^*£l/^4(7;>^k^¥^{$Jl 

mff£lStt^«f8fl£$:fiS;fi-re>xSfi. iifiE«-ttJite3r, 

[tt*4C8 2] Me**<B»tt«r»tf-*-5i6ii, fit 

< fc5J; 9CK£t^i ^r^#^t<b-r^f#^ri8 0 icE 

ltt*«8 3 ] ttE^x^BKijJt^Pjis-^t 
«r»i 8 0 KEttOft{kW^W(**^<D«it 

fkr/u mit^-^y. wk^a^^xiii 

fk= 5 r £ £4*»<t-t-5W#ii8 3 k:Ett<z>* 

&Kfk#jtf» <b k-fz m^m s o tcEtt^ 
a/ktt^Wttfc^coUfcfrfe, 

[If^rl8 6] HuES5Bk^4feMXfiiSil!^^Mfk#i 
ftfk»*W*WB*. 

iiuEf5 1 ^Sfktt i l £ *»iB^±r*l.oWfE#ia9JPdrfi'> 
fl« go RQ IC QfflM £ » o «fc ') tc ff^^ $ H f z m 2 <n ^ f k#J 

mE*2waifk» a i t **«w±^JBrt*tL, yr^ 
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5*fk»**tt:*^ 0 

E««>a[{k»¥*ff*-^ 0 

8 9 ] huE^ 2 ^SYk*^#fls» <b jfuEfg 3 
^*fk»*WiWIt^B(c:»rt*tt, iSBfcsv^cMRS 

i ^Sfkte^^aoifhffl^iiffioteKtssffi^rsi^ 
Z>m%t<Vdh&&mir 61 4 <oSfk*¥«*« £r $ h 
10 ^«^.T^5^t«r«r»i:i-SBI*3«8 7 tcE«<OM{k 

afk**#»:jit, 

lWE»2w»fk**WffJi<oj;tr^rt*Jx, 
tr* 3 co£<k^*{*Ji 

iffiESS l w*fk*iN**Mtf>C*fc£ SuEm 2 <nmtVo¥ 

^fcm&ctfokfcte-tft&iz^ mo. osjt^Tr-^^ 
-t-sxfit, 

mmm 1 «^*^k»¥w**:a^jb»ic:, s^mrm**^ 

30 xg£, 

USES i ^«fk^^2»fls:Ji^±ffijc*5tt5B(rE«-m i <n 

*rEJB2<o*fk**«*Wl^±SlJJc, Sv^cBBBB^fcv^ 

S«B*lRj^#l35c5*ttwlB2«>i»»fe»rt-r5xa 
k. 

40 ruE^ 2 <^««FR^jeEffi«rlS 5 SS 2 (7?^^ ^ 
lit, 

fluEfg 2 wiSfkW^iSffii SisEfrS 2 (7? 

»«ra±<7>MJ-WE»2^^^Bl^b»ffli-5CflB«: 
afifiiLT, &ttn«r$trfR3oaEfk«^«»n«:^ 
/5Jci-^xa<t, 

^iit srixt^s z k ^w&Lk-t^mtm^m^m 

50 [W*tg9 2] g*£±<cSgl Oftfk«f#«#JB^fl$A 
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mztW, l cvm&0)I&ffik J Z:(D§£m<D'J?tj:< t &k& 
«5JB2<o^^^Blfc»j58i-SXSi:, 

xK^mmm i <v&&ffi±<Dr$mkmtezmffi&&\<^x 

±ir^^5ra1l^^fc^T5g^^1S^<7>^2^£ba5^^fi£ 

-r&x&ct, 

SHiSrflfriESISic^riti-SXet, 
mif£ @ EP(c J: «9 buIE^ x * ^ffiS^^-fr Srff* o & , 
mjf£-v^ ^ £rffl^TmrS£1fi*WS2 coflaw ? *><o l o 



< 8 > 4$P^ 2002-9004 

14 

.. IM*JI9 5] ffrfESB 1 2 
10 xa**tfwi:S:»» < ti--5»*^9 4{c|E«fe^3|fls: 

k n Pi * *s ^ r r>* 6 mm<nmi& z M&L-r z> xa t . 
±<nm^mu^**mfrhm\tiirz>cm$:m&$kk u 

T. SSffllJ*^, JB 2 wftfb»*#l*» t , RSS2WS 

**^i!b»«:»rici--5xai:, 

30 xet^«^Tv^5^t*#«ti-5*Wft:5B3tt*^ 
[»* J I9 7] «HElt»w*»S:J»rti-5xa(i, ru 

L 7t u ^ x h x ^ & m 1/ ^ r Su IEm 1 <7> ^ ft* i*@ 
text IT^ s^^Srfffc 9 X^^^^, 

y 7 h^-7i-5xa«r#tfii:«r»«4:-*-S»*J»9 6 

40 [|fi*Jl9 8] WJlE^^^BtttlJMIft^feftSCi:*: 

<k-*-7X3hZ) - <h $r«i:t 6ffi *^ 9 8 (cfd«<7)^ 
0 0] mrlE-rX^^i, m^f-^^^n ha 
50 IS 9 8 *C|EttOSfb4*l**fls:ai^(0»ig*fe 0 
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[it 101] huie-^^ ^flgf*, m.^-^-^ [>□ 

m 10 3] afrlEiSSittjS^JRXiiSiK^&JR^ 

[w** 104] s«±tc« i omitvv^m&m&wz 

o#HEflfffl5(s]±^p B 1<7)|S3fii < bS £ PpH Rl £: is ^ X M Z> 

[it^il 10 5] WlElt»a>*«Sr»fiSi-Sxa*±, 

fiftLfcW^^ h"^**£ffi^Xl!frf£Sl coSffc^^ 
Huf^* ?m&&f$.1r SXSll, (tuft*^* h-e*^£r 

IMsfcJll 0 6] l»IB^^^HI«±«*(***6,*5- i 
£$F»£:-«h6f&#lI 1 0 4 (wf£tt^^*l§ **^-<7>lt 

[in^i o 7] mmmmm*. mt*>v s£fc 

[f»*Jll 0 8] iffiffi-^^BSte, m^^-Y ? p h d 



< 9 ) 2002-9004 

16 

ill 0 6^fE*^^W«cig*:*^^S4iS*jfe 0 

[»*iiio9] ffiria^^^8t«i, ft^>f ^ n h n 
[»»** 110] mjfB^ * * Kiill^ilXfiili 

&&m{ttox*&z-k&¥fWLk'rz>m$imi o 4kie« 
im^mi i i] mzmm&&mxnmm&&mitVd 
io ->yt^K, -=ey ^x>->y -fr-r Kxtt^^s^y ir-r 

[0 0 0 1 ] 
20 [0 0 0 2] 

ifi^, vmjcm^mm (n) ntfin- 

(Al, Ga v I n z N (O^x, y, z^l, x + y 
+ z = i) ) «u ^OW*at5BB«3ftS«^JzfT**3tLT 
^W8*, #feXtt«fe»*^^— K (LE 

d) *wifflft$n5cioti^„ Jty*^.* 
[0003] (» i jlut , m i wtt*«tc« 

zmttfV <>J±m¥mfci — if*-^tzo^xH®Sr#BS 
[0 0 0 4] [213 7fiU- 1f%fi*sajaSttX^-5«* 

<7^fk^*y ^^^^*<*u-if3(i^fio»f®flifiE^^Lx 

(213 9t- x ?t3fe(0^*ft:u— if*^- 

40 ^mMti/^^ (movpe) mizxvm&mtftztiti* 

mttfVVA* (GaN) ^^^^77713 0 2, n 

/l.^-i>A^y^^ (AlGaN) i»&45nl^77 
KI3 0 4, nSGaN^P>45nI*^K8 3 0 

(Ga, I n x N/Ga,-, In v N (ffiL, 0<y 
<x<l) ^as^ixX/jrS^aS^F (MQW) ft 
f£f!3 0 6, pSGaNWj:5pa*^Ki30 
7 % p^A lGaN^fj/j:5pI^77Fi3 0 8, 
50 I/piGaN^b/^pI^y^^M3 0 9 ^tLT 
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[0 0 0 5] pf ^7 7Kf3 0 8W±M(/pi^y 
^^M3 0 9 [UZ, m& 3 // 1 0 u mU&<D $ y 

v?(b5*sjbj« £ nt t^ 0 m q wfstta 306 &<gt£mm 

m*. ni^y^^ h!3 0 3<0— SG£Bfct5i--5 «fc ?M 
&tf1JUIffif*lfe»II£3 1 0 J: «9M^nrt>-6 0 &&IR3 

i otujb'itspSay^^ hi3o 9<o±m&&\zn* 

BB^±tCiiiSfflPffl5^rii LTpl^ ^ hJg 3 0 9 t 

Jr— ^ y?fet&1rz> pMM^3 l l ^M^nrv^ 0 

~£fz., nlay^^ hi3 0 3W|fc8S3 10^t)i!08 

St5n«tl3 1 2tfnrtbi%T\,*2> 0 

[0 0 0 6] ~<D£?lzMf&£titz*m#l' — Vm : ¥'\Z. 
^(t5nlti3 1 2^L, p 3 1 1 tCRff £ 

te^PP^P-r 5 £ % MQWIS^i 3 0 6 (^T'^^J^^r 
^Iil/J^ 4 0 0 n mig(7) U-fli^^ I 

[0 0 0 7 ] b 4 *^******. MQWr£f£Jf 3 0 

6 Srfll/S-f a , In, NWGa,. y In, NW 

[0 0 0 8] y s/^SoBxiiSi^trgiBt-Si 

[0 0 0 9 3 »£3 o 1 t7r -rr^fiiiic, ^{t: 

^•'fl (SiC) ^tv^A^U- h (N d G a 

: Neodymium gallate) ^7^ffl l ^ 5 ^ftl^ 

x.^SS»c-9-7r>rrSrffl^f-«^ic{i, «i x 1 o y 
c m 5 W(Effl^sffffi It, u—if^^wff fflteco 

[0 0 10] ZZX\ m&%jg&i&m-tz>jj&t LT, 

illR^m^fpIfiJcg (epitaxial latera 
1 overgrowth : ELOG) fe^S36$ixT 

[0 0 1 1 ] (!B2 0t6*«) i38liELOGCJ;o 

r JB* * nfcgft # y * a a» e> ft 3 ¥^f$@ westefi 

[00 1 2] 0 3 8 £fflV*TE LOGjfeWt»$rfftWt 
£SJ£4 0 1 ±[CG a NT^ibftSv'— K («) 1402 
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[0013] fb¥n«ts«ai (cvd) j^t^ 

-y^o-7^^g4 0 3 ZlfctSL-tz. 
[0 0 14] MOVPE&X|j:A7^ KSCtlJfcK 

IifJ (HYPE) jfcldj;^ ■7X^l4 0 3iOl[:y-KI 

402c7)^x^Bi3o zti>hm\ti\^tz&ft*m&&b-r 

5St^J3K^(d<to-CG a Nrt>ib ft 4 0 4 

10 ffSo 

[0015] zo^tt, *m-fcm4 0 4 iZ&l-f X ? 

14 0 3WMPBB^±{Ri]Wffltttt. gfiSS^l x 1 
0 9 c m J ^(7)^^^^^ijgc4 0 4 a £ ft 3 CD 

Jg^lxlO 7 c m'*U!£<n&m&&mfc%i4 0 4 b fir 

[0016] El 3 9 (i^. Wteteffia&J0t«tt4 0 4 b GD_t 

20 3 9«C*3l*-C\ HJ3 7&1>'[H3 8 {ZTFrtmf&UW t m~ 

w*f»aw^fiiP]--a>fflF»*(+Lri/^o 

[0 0 17] \C y MQW7£f£/f 3 0 6iC:fcJtt5 

[0018] 

30 i^^»^6:^^^iri^ 0 

[0 0 1 9] IlC, ^2^|«[:i5ELOG/£C 
[0020] 140 (a) -i4 0 (d) li^gft/f 4 

0 4(Df&m$k^*?m4 0 3±icsfk^y * 

jf B f*4 0 5##ftfcJ LT, ^ifiWf 4 0 4 0»*tt^5efk 

[0021] HI4 0 (a) t^t-J; 

iT, K14 0 2W±IlcBPS^o^^^R 4 
40 0 3lrffMLTJo#, ^(c. §40 (b) tc^-fj: 0 
IC, v^— KS4 0 2lCiott«5^^^IBl4 0 3(0#|HPSI5 
^e>«a-*-S»**ai«ili: LT«»w^«fls:jl4 0 4 

mm*****) , Ktfi*#±'c«»»ffcsnftv^««^* 

[ 0 0 2 2 ] ID 4 0 ( c ) ^U'H 40 ( d ) (C^ 

&lsWfht, %&M*Vf4 0 5^±{cii^ B B a ^^^^m 
50 Jgc4 0 4 cdS?FM£iX*o 
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[0 0 2 4] *2lCl, *lW»2^*W(Cffi-5*i 

[0025] i4Ki si <o^t^m\c%^^m^- 

if*^«C*5«t5. MQWj§]4|3 0 6(C*JttSS«Si(C 10 

IfMtwrifl^ltl^, MQW^tl3 0 6CP^ 
Ciitf)Pjn^^*<^— W* S S«3 0 1 dWfLttiLT. 
nm=*>-#<? F13 0 3i:SSS^Ltv^l <t/j? 

^/J^o rwi^l^ MQWj&ttB3 0 6d^SS3 0 
1 ^W±J**flOiitL^#t^ % MQWffittH3 0'6^ 

jte^GS Di£ft^(g;T L , If L 1 1 Mfiri**: 

[0 0 2 6] [14 2 iijg 1 Wf£3fe0i|lC«5 U — if 

[0 0 2 7] S3(c, — if 

BB 3d t!^ ft 6 ft tc, *S»«ffik5Fta<c ® 7is# e, ft 

ic, SS3 0i$r«iSt5t77^rit ffi*ffisfts (l 
-100) ffico, l^^6MI(/)^^ffl^SIt'*)5f: 
ft. ii^fiif:77 ^7«M®^#|fi: LT^5 0 
[0 0 2 8] <t^^^, Sfb&^Wfls, 0*Jx.tt\ Mfttf 
y ^WMilit77>f7WMIi:ffirt'C*3 OSffti-f 
ftT^5f-ft, t7r>f TcoMEt^fb;*/ y C7i*co (1 
1-2 0) ®, 1^^5AI^-Sf6 3 z<Mtft* m 
1S30 1 ^^^^t5d:^y7rlg 3 0 2&TJ t ^o)±<n 40 
«Jfl*(a* % 8«3 0 1 b^$fflffitf3 ogEtZi-t-rtitz 
-SHE**, n m WOflflBB t ft o TStoii 

60 

[0 0 2 9 ] ««I/j^(^J: vfcPflGffi<tft3£, 
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[0030] -2f, IB2^*flajtc:«Si|£*«cu— 
JK^BflpSfptt, ¥*{«I4 0 4(OM«(c2|ifTi:ft5J: 9 

ftti^^fpi t it -<TSa6ri£<. m.mmx^m^<m^if& 

5o fifty* L^ct 9 ic, if^T-rrf4M®^iott^)— 
fl^BT*&£^ AiSfl^ftll^Tteft^fcft, 

[0 0 3 1]J4C 4 ELOGjfefi, Ki4 0 2<7) 

C^t, ^r(^±^il^ft-r^^f*e4 0 4<DC%Ak 

[0 0 3 2]-^ E L OG^fetdJ: ^X%h1>htL$kM£i\iL 

o 4 b ^mmm^t u iSfcfc&j^M^4 

0 4 a ^gi]WS«filc«ffl^^^ll!ltCj: «IIT^E 
LOGritfiSrtTft 9 fififfi*SS«4 0 4 bW» 
bteZmk&>*m#&M>£'&Z>^ kfrX$Z> c 'ftlcj; 
«9, ifefi^^i4 o 4 b^^4^^ a ±(c^l 

[0 0 3 3 ] U^bft7)5b, Att^lpjtc^SSrJ^fife-t- 
&<h, K« 4 o 2 t * <7>Ji to fB(c, 

[0 0 3 41 J5C, «TE*2Wtt*«Jc«5#Wft:u 

-if <Keffies««4 o 4 bn±a>w^jKi5 ^ 

mmf&kfe#>X'h£< , r<7)(g:gf4^gSJS4 0 4 
^^nftt^9t-, ^J3 ^ mOitI5r^oy j/j;||i«)7* 

[0 0 3 5 ] *%^I4, BflgEcofll^COPpljBlc^TftS 
*U ELOGife(cJ:S*&attcoi6i±Sriasc:i:SlcoB 
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ct^(ct5wi«r»20IWi: U ^ tiffed '> ft i > 
^I«ffieMt^^ct; 5 lets: <t £m3oogtfj£ 

[0 0 3 6] 

Al, Ga f I n. N ({ILL, u, v, wfj\ 0 
^ u , v, w^l, u + v -hw= 1 T'fcSo ) frhtjL^ 

m&^Z&&&<DmffiX&>Z>Cffi&m&£kk LT, Al 
, Ga v In, N (ffi. U x, y, z II, O^x, y, 
z^l, x + y + z = 1 X$>Z> 0 ) fi*ht£Z>$5 2<D&ik 

[0 0 3 7] mi<r>&itm*m{*<»9iiAJjmK:£Zk> 

■twits*, ^x?mo>±{zm2oy&ikM¥m<£mo>£& 
[0038] *mwic<&zm2omikm¥mi£ijmm:J7 

I n, N ({§. u, v, w(i x O^u, v, 
1, u + v +w= 1 X&>Z> a ) ^fj/iSSlWlW 

ft & OH ffi (75 *& ffi t -t w g ® (7 ) /> ft < £ t - t £ m 9 

HT, Al, Ga, In, N (fB U x, y, z Ct. 
O^x, y, z^l. x + y + Z = lt*)5 o ) frbtt 

z>m2 <omm*mt*m 5 xfi t &« ^.r t > 

[0 0 3 9] 2 waft»**ft:w§(iS*«fe|c <fc £ k , 
URIC ^^^R^±(cS2 W^b#l¥Wfls«<0#jgfii*: 
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[0040] &&mic&zmi (nmik&^mtbm^cnm 

fLtt*»#sS:?gfi8:-f SXSi:. SB l <z>Sfb»¥Wf«l 

» pi ± m ( c t * * m t *b m m •+ z> c m £ m& t 

xfit*«x.r^6 u 
20 [0 0 4 1] ^i a>Kfk«^«»«^oHift#j£(c «t a 

[0042] ^m^^m2<nmtm^m^m^om 

^fb^^^f*:/! t , 2 ^§kfb«9¥«tt:J| Jt 0 fc ^ * 
^ ^ , y $ v ^JB 3 * -5 

m 4 w^k^^af flcg t ^r^trJ: 9 »cfl|Jl -5 
40 [0 0 4 31^2 ^^{b^^^fr^^<7)®^^?fetC J: ^> 

±.-tZ>zk&X*$Z> 0 

[0 0 4 4] *|gW^«5ffi3^afbto**«5:<75SJjt* 
fell, RulS^ 1 ^IWSrML, mWL<r>±&>\z, 

*l"J«c2t^tc^LT5it/5lfi»WifbW^^jSi-^XS 
S«W±<7?#CiSfP^lIffiic % A\ x Ga y In, N 
50 (f£U x, y, zll, 0^x, y, z^l, x + y + 
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[0 0 4 5] fjS 3 0>*{fc;»**#CO«iB*ffi»C «fc 5 £ , 

[oo4 6] *ftw\zmz%3<r>mt&*mfcm^F<Dm: 

1" 6 1§ £ , _L® ( w *3 It 6 m dr co ft 

-hie, StSffiiJ^^iStRWtc, »l<7>Sfk«*>S*Wi<t* 
§£31 l co^k4MM£f*« J: 9 fcx*^-^^ 

■ iSr^tf <fc 9t-1I/f ffc£/&^-r-5Xa<h, Sf«ft:co± 

[0 0 4 7] jBawaftft^Wftilf^wfiat^ifetcis 

[0 0 4 8] *5gP^JC^S»l W^fk#J^i»<**^ii, 

^fk^^Wf , f£ig i wftfb»*W*B J: *) hito^ 
[0049] *ico*fk»*w#:g|{^.^j:-5i, mt±m 

[0 0 5 0] **W^«5*2wa£ft«a|iiBflcg|f^-|i % 

six, ms<nmtm^m»m. &9 3<»&{£ta*m»a 
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[0 0 5 1 ] S2Wlfb«l¥ffls:SfliJ;§t, » 2 co 
, t#J LTV^t^, SB2^^k4*i#i»<*«coT«-rE.o!Bi 

[0 0 5 2 ] *|gMtC«5Jg4(^S{b*¥«ft:* J ?-co» 
ift*8H*. «rffi»2coBW*jifi8L, S^±ic^i(D^ 

30 Jcfifc*i-sxa«r$tr 0 

[0 0 5 3] §4 coaEfk***«:*-?CO«ift*felC J; ^ 
*«Wco»2<nafk*#*fr*^«:**«c**-C# 

[0 0 5 4] *«^tC^5S5 ^afk^aSfrSl^^M 

fk^^zg^^B/s-rsxa^, ssico^fk%¥«*« 

< 1 1>— *Pi:*rW^^^^RS:»rt;-*-6xai, « 1 co 
40 Sfk»^W(*8<n±(cfettS#«fflP±wp B 1ic-^^^8S 

*fk**w*»i, is 3 (omtm^m»m t , »$3^ 

$1^5 coSfk*^*(*:B t «r$tr J: 9 

«Wt-ttX-i-5«jK»5B«*:fl5jS-*-6xai:t«|x., flj 
^^^/^5-r^xaii, »2coS<k4*¥*»:Ji€r. ^(O 
JfccoBJf^ASJB 3 coafk*#«*eco)tco®Sf* «t »3 ^ 
50 /J>^v^^Xfif^^^ft6 J: 5l-J*:£i-5xa£^iPo 
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[0 0 5 5] !B5wgafk»*i»flc*^-roK5t*jfetcj:5 

[0 0 5 6 ] *?6WtC«-5m4c7^gft:ite^<*W»3S*' 
jfefi, HMEiB3 0>BWS:&lSU Al u Ga 

... In, N (fBL, u, v, wfi, O^u, v, w ^ 
1, u + v +w= i r-*>5 0 ) A»e>&£flll oftfldM* 

^IIT^^CS^i^ilT, Al. Ga> In, 
N (fBL, x, y, ztt, O^x, y, z^l, x + y 

[0057] m4<nmtM*m{*<o$ij&jjmc£z>k s 
[0 0 5 8] *«w^«6JB5^»fk»i|ign*<n|iit*- 

i&IL HUiE^3(Og^^rit^L, S*g_h(C, Al„ Ga 
... In, N ({S.L, u, v, wfi N O^u, v, wS 
l, u + v +w= 1 T'&>5, ) a>«b&5S5l <nm\ttfo¥ 
Wl^MtSIgi:, l ^{k4W^{£/f co_L£|5 

zmffc-tz xa t , s i 6 anm ± * ^ r 

/j:6|Hl«cojKffii:-?:^Bffi<n'>«:< <t 9^ 

tLX, Al, Ga v In, N (fH U x, y, zlt 
O^x, y, z^l. x + y + z = 1 T*fc5 0 ) 
SSftoS 2 w*fk«*#»»«:fili*i-SXSt frtt 

[0 0 5 9 ] m 5 <7>fi{fcft¥2»flwjRit*jE(c «t5t, 
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Wi-SJ: 5(d»rti-6fc«>, RMMas«r#«»WS^i- 

[0060] *%p^ 5^6 <am{tm*mt*m*<DM 

IT, S«fRiJA^, ^JV£**U&^ *2WS{k»¥*fls:JB 

t£Jf J: 0 *:7^*#^fg 4 

£ fc^tf J: 9 lcl««^aWif(c«rrt«i-5xai , 
#fll»ff^±tc H y rSriiKW«c^Ai"5 

«««*»«:-ttu-e^JBrti-Sxa^«:«lxL, «*ff>« 

20 sfw^atfleji <e> c ffi £EtS»jwk c r k ^mm*m 

«R5^e>*S*S»«B5*s«Uii-S J: 9lcf*t«lil* 

[0 0 6 1 ] ^6 <75*fkW*#flE*^W»a*SJC ct 5 
[0 0 6 2] ^IP^iCll^f 7a)I([:#5MM^^ 

30 tt^i^Mt^igh 1 (D^ikfa^mfcm 

^^KtBi-5S*^ra#& H li: It, &K«A><b, ^rti^ 
y T*r»RWliffiAi-S««»f*»**ix-?fixJBfiK 

tsii^M^, *»^ar»ft:srrt»i-axatt, # 

K«B<**s»10Sfk«9*«l*:B^B»i-6 

» w\ ± <r> m<D mm ^m^t=:nm<^k tc m,m 

frbteZ>&M&ifikffit>mmi-Z>l: 0 f^fifei-SxaSrS" 
[0 0 6 3] S7 (nafkte^WflsfRT-^Kig^&tc J: 6 

50 j»ffi*s^^BB®^5/^>'^ffi*cjK»$tt/j:< 45^ 
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[0 0 6 4] *«Wtc«5JB3(nafk**W#*^(±, 

[0 0 6 5 ] R 3 W*fMfc¥W{**^-K ±j*3fc 
tt^lfil^L, #«»o#!S#ffl£A«**fi£i-5*#ig 

HMR«:»ofctf>, mi w»ft»¥WttB£!S 2 

[0066] *&wiz&z>m4<r>mtto i £mfcm*n, 

<^ , R 1 W'^{b^^*frSw±"Caofri£bS|5|5]±WftiJffi 

wcit*2 w*ft**»fM<n c «b t ^ te-f n ft 

/H-ft) tt, ^0. 0 5SaK'*)5„ 
[0 0 6 7] *4 wSfk:te^*ft:*^-(-c:J;5^ % H 2 cO 

XthZtztb. SttB4r*tr*3W*«*Jilc»«ttSrK 

[0 0 6 8] ^%R(CffiSffi8^ttfk:«|^«»:g|f-?-^jH 
ttirfcli, flME«*3RUU<Z>B«&igiau S1£±^ 
fgi ^aftft^W^JB^r^Rlci-SXSi:, »1*:>S{!:«5 

£ , R 1 wSfbtt^WfrB^iDiJcfcttsfrS 1 w*«fu 

isj ±(7>w tc r 1 x * R4» p> gtb-r ^ c s t 

It, *2(/>«fk«i*an*B«rrit«i-6XSi:, I2£/) 



15 ) $?m 2002-9004 

28 

*«*B«>±ffi*C*3Jt 5#« 2 0«ffi|ig±<E>Mf£Si 2 <0 

10 s 0 

[0069] ms <nmtto*mi*m*<»K£j7m\£ x z 

[oo7o] *mw^&zm9 nmtto^m&m^nW: 
*i^a<k**aK*:BSr*j*-rsxat, mi<omm 
^*i^jcjgr^s**<oisi<o»»*r*fiKi-sxat, r 

20 l«-7 7^KWf5Iih SB 1 <Z>£fkft¥*f*:B 

^^fflM&&\<^x—(nijfaizmz)i&^K\<^mig'fZ>ffi. 

It^ «2co»«<oj|Effi^'t(7^ffiW'>^< t>-ft 
^l^2^^IM1-aii^ R2<o^{t: 
* * * f*:/B <? ) ± { c io 1 1 5 £• « 2 co ftgB m ± <n m I - » 2 w 

t^»3^ft:^^3»flcB^fi!c-r5XSi:. mscD^Jt 

So 

[0 0 7 1 ] *9ro*fk***ft:*^©»it*iSfet-J:S 
*«W<o»3(oafk*^WflK*^«:ffifcj|(cfl|-5wi 

[0 0 7 2] 5 ***«**- : F«± 1 sulLimo 

coe^^jt/^L, K«±jc»rt*tt, ±«*c|BJBl«r*5V> 
40 TS«aa*r^lc5£055a»(7)» 1 (D&lft&m-f ZWi 1 co 

S1S»^IB2<oaa5Sr*rL, »ttBSr^tr«fB<*7&^*r 

60 

[0 0 7 3] E LOG£fc(Cj; ^) ^hti^>^ 20^ 

50 flFflE-rSfc*!), *<0««*:*Jt-C««ttA««€rRJtS 
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i£bSWff2fi)cJ^»l t ft 2 <Oi!hAsaffi$j£jn0| £ ^Pflic||%s^ 
J^^J: 0 t^tv^JWM-CJB 1 0>£iffl5<>:ft2O£b«5£ris- 

[0 0 7 4] ^%^(cffi6JRl^«»%«:9ll'7-03Stii 
HufEft5<n@#j£jtj&u ft l 

ft 1 <D{h%M>mxfiZ>Jjfa t ^-T'loS l (^i£bfflPI± <b 

a a -r s a £{5 £ in g i j -r £ fc <o * * <d f & b ^ t> -tt ffl co 
[0075] m i w^fr^sfc^wsa^jsfejc j: s 

[0 0 7 6] **Wld«5!B2^a!t«c|B** : ?-<o*!a 
fijfBft 5(?;>gj^£-ig/£U g*£Jb^ft l<Dmt 
fe**M«:Mt5Igh * 1 tf>£ft«5¥aSfWl<7> 

8tffl5^^J53c-r^)X^i: x ffS£B<?:>J&©£?g9^* tm&Tfr 
StST.Si:, fti »afk«**«:Ji<o.lr.ffifc*j*t5# 
StSBISI ± go m *c x ? Bi^ ^ ib attj f 5 C pO £ W&S* t L 

*««a»e>, ft 2 <aftfb4fe¥«ttji <t , mm 2 <Dm 

[0 0 7 7 ] 12 w#««:«**^-<oKa*fttc J: 5 

[0 0 7 8] *:|6P^{Cf^^ft3(7)^<$^3t^<7)SJi§ 
#fef4, «!IK»5ro|«S:Irtu SSJblcft l <G>£ft 
fe^^I^Wtsil^ » i ^fgfbte^fls^^ 
-h£T><c, &foffift\hiizK\*^z.r£iffi$:&\'*xmifiZfe&<r> 

t fc l»ttr«9^^^ll»«rJBriE"r6XS4:, ft 1 <og 
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„ ^Iffif^fil^i^^Lt, XtfEfl^b. ft2co2S 
MMMMMM*, tt«2<oft{fc*i|iansMj : r) fczc+yu 
=¥ *y VtfS/h $ v ^1 3 o^fkft^*ft:ll*^ 45iS 

Lil^L /edible, f£t£Jff^=^ V 7^An^rt y 
T W^Mt S Xg £: £ T t ^„ 
[0 0 7 9] ft 3 ^^#t*:%*:*^^«ag*S{- «fc 5 

[0 0 8 0] 

[0 0 8 i]ii tt*»«a5fti<ojtt||s?i5«tc:«s«ft 

20 [0 0 8 2] [1 1 MtjW-J: ^-Pr^T OfNIttA 

l.Oa) A»t)45Sfil lJzMf4, ^fb^y->^ (Ga 
N) ^f>456l^y77i (EI^-tirT) E 
LOGfflWGa N^P)^5i/- Kg 1 2 fim&Z tlX\, * 

[0 0 8 3 ] is— YM 1 2 eo±S3(Cf±, SCT^f^lC^: 

i*^^. i£bSB 1 2 a IS!±t;:j**ixr*5#Dflffl (*SW 

i 2 b(Dm.^Rx^mm±^amt'>v (sin, > 
^^^jvx^/ii 3^^n^tu^^nr^So 

30 [0 0 8 4] h*m 1 2 ^a^P 12ati 

«sri 2 b^jK®<b^p^(c^(#:^i 2 ctf&rtbtizx 

[0 0 8 5 ] r ^ T% ->-Kil2 1 4 

1 2&t/iS«i*^jS 1 4{i. Al u Ga, I n, N (fl 
u , v, w (i, OSu, v, w^l s u + v+w = 

40 [0 0 8 6] iS^^c^^ 1 4 _b(C|± x L — 

[0 0 8 7] 1-f£t>1b. mmfc3 0*4, SKAftS 1 4 
C0±JC^^ff$^^n, n52G a N7i^/jr-6nM^^^^ 
1^15. nfAl,., ; Gao.nN^^,(:6nf^7>; 
K116, n 1G a NH/j:5ni*^ K|17, Jf[ 
^^3nm^Ga 0 . ( I n 0 . s N^b^WFIiUS 
^^6 nm(7)G a N ^6 5 '< U T@ {C J: ^^fife^ttfc 
^mm^r (MQW) pSGaN^b* 
6pM3rt^^< KI19, plAlo. of Ga,. SJ NH/i 



• 
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>^ ? hm 2 1 ^rtLTl^o 
[0 0 8 8] jab^tt^J;^:, y^/U— t^o 
<7;u-if^it«i N MQW?£f±Jil 8 (C*olt5^ ^v^i* 
£ ^ if # Fl ^ ^ * ^ - 5/ 7^ 7^^r)i,|- 
^tfni^t/pS^7-7Kll6, 2 0(Ox^yl'^«- 

n h'h£\,\ — mqwm 

jg i Sc^FJI^Sk*^ , J^T, 3fc#>r Kll 7, 
19, ^77hll6, 20 <OJHItC/h£ < ft £ 0 
[0 0 8 9 ] pi^ T 3/ KJB 2 0 0-)±_U%LWvm.^>? 10 

[0 0 9 0]MQW^il8^9|^30(t n 

©fi&Hfcv-y ^>^^^5»1HI2 2M£ Dl^TP 
[0 0 9 1 ] |fe^Bl2 2(C*D(t5p^/^^^^ M21 

m 2 2 ±co y y 3 i o)±mRmMJjo)mmcn. m 20 

Q£T>£rilLT pM=* <7 hf2 1 ^ yt&mir 

Z^y^r/i, (N i ) i:^ (Au) <t<?:>fgll{£7^&3 p 
IPJJ®^2 3^/&£;ftTl^6 0 
[0 0 9 2 ] nl^>^^ Ml 5(D^|M2 2A^(7) 

tttSf (T i ) ctT/i^-^i* (a 1 ) <t <7)8fJB 

[0 0 9 3 ] C * T\ V y S?«5 3 1 li£|*«5 12c <7)± 

^t^5 c 30 
[0 0 9 4] WT, gftlBWJ: 

[0095] §2 (a) , 12 (b) 4 

[0 0 9 6 ] S1\ EH 2 (a) Id^-fJz^tC, ffllx.!*, 
MOVPES^t>T, SMJt^5 0 0t-5 3 0 
c Ctcf£^L7U&, Cffi(= (OOOl)B) ££®£-f 
6Sil liC, III #!j!£co M tf-tViiy (TM 40 

G) t, 111(7)7^^7 (NH, ) t*««L-C, 

$cl^T, fifiaat:**) 1 0 2 0°C~ 1 0 3 0°C(c^ 
T'#^Lf-^, TMGirNH, t 1 1 _hlc«»-*- 

^riricj:^, GaN^45'>-Kil2S:iSIt 

[0 0 9 7 ] (2)2 (b) tc^i-^^tc, KJB 

1 2(7)±I(:u->'7 HJgSr&ftJLfcgL i^Lfcu^^ 



, — KJB 1 2 tCxtLT K7^x y^^y^frK 0 Z. t \Z£ 
" 9 > Kff 1 2 WrB«4S|<j 3 „ m<Ddh%V> 1 

2 a tmm^mi 2 A/mGD?g£i$ (y-fcrxgfl) 1 2 b £ 

& 1 mm k-i-zmmm&#*j&aLirz> a 

[0 0 9 8] E] 3 (a) ICTrrf-J;?^ l^f^ 

^^tj^l (ECR) *'<s>*i££:/Bl^-C\ «>— K 
JBl 2l-*5tt5»ffll 2 bcoj^ci^tKiiSi: u-^^ h^ B 
* — >-4 0_Bc, m.ik'>}) 3 £ 

tita e nt\ ->y =*><nwMta*s @^>>y=i> 

£rffll\ SJCtt^xtc*ig*«rffiv\ ^X^tfxldfi 

[0 0 9 9] 13 (b) lZ7jk-t£ 9 id, 

— >4 OMli/^ hx^^ — >4 o Jb^-e^^R 
1 3 $r|^5fei-S 0 ^^^i^l 3f±, 1»1 2bW 

[0 10 0] ^(C, m4[Z^-f£ SSMOVPE 
ife^-ffi^T. >— KJ1 1 2(0±(^ -r^^flf 1 3 frh& 

T, G a N*^)fc5Jl«rt*JB 1 4 Sr^-r-So 

3l^^fi^l4J±, #di$Pl 2 a <r>-m&frh±.?j{Z 

WT»*Lr*^(»l 4 a*«rti-5. mtCj:«9,« 
»C0dbffll 2 a c7>lHffi^^fi)tfti- 5#ffiSfls:ji— fls:^^ 

fcilt^iSSJB 1 4<7)±lC, nS^^n|15, 
^7 Kg 1 6 , ngJfttf-f Kg 1 7 , MQWStti 1 
8, plft^KSH, P i^7-yKl20Mpi 
^^ni2i SrlB*filc«U-caiJB*3 0S:Mt 
5 e 

[oioi] -£<7>^ Ht:/TtJ:9(:, pSI^^y K 
12 00>±$K7kWpm^ hJ§2 1 |:#LT, MW 

Qm&m 1 8 Jc®tRWJ-««cS:aAi-5 V y ^« 3 1 
*Ts ^BRSBl 2 c W±*-CJ.o«^SU l 4aiI4b4 

[0 10 2] *V^r, «Bft:3 OlCSbMt^y yv^tt3 1 

nM=i>^^ hll 5^r§gttiL/c^, li^ft:3 0 oRfcb 
DfiiCte*IS2 2^±iffl-T-6 0 ^<7)f&. tt«MK2 2^*5lt 
6. y yS*»3 l©±«»»Mnl3y^^ hJll 5 

co ^ n^nm p as ^ jgi^w tc k tt ft \k. mm 
&xnx'<y*&;mzj: <o , y y ^3 1 fciact-siea 

HI 2 2 co^ a ^5^, ib wBttj«igERoc^<o«|*±jc p m« 
i2 3HML, nS!=i>^^ HJil 5i-*5»t-5|feiftlB 
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[0 10 3] za>£?\£^x»bti1z*mfci'—1?d* 
iCStLT, 3 t nfl)ti2 4 £ 0>|RJ irUi^rrfii 

[0104] 15 l^i" «t 9 ®«J«SS 1 4 tdjott 
5ftfeif|W±ffi!j<a1S*£* Ml 2 a <7)_hffi!j(0 

Mtttt. (EffiMWfcjl x l o a cm tmfc&migm 

(Effi«JStf s 1 x 1 0 7 c m J SS^ifteffiffiff ®« 1 4 
c£*S 0 Hot, MJif*:3 OJC*5tt5ft*iffi*J»*« 

[0105] *jHftfl5HR«75W«-C*>5^- KH 1 2 co« 
ftl 2bwa*(CO^TH6 (a) -16 (d) £#BS 

[0 1 0 6] [16 (a) iCTjk-tXo^. KIl 2(7) 

[0107] me ( b ) &z?m 6 ( c ) tc^-f £ 

LTiiiJR/ifcg/l 1 4 ^^^^it^^r, -^x^ 
AH 1 3 <7)_h[^G a N^^^6M H B a^4 1 ^WtH1-5* 

[0108] \M 6 ( d ) t^^-fj; 9 |c s #8fift: 

4 U!WtHLt**ELO*ft^Wn, ItRltftll 

TJCffi^ #^ 0 e 0 f£4 1 2 b(7)Jg®<t(7) 

Wtc«il9:^Sp^^$ixr^5fc:to. ^ 0 B 0 f*4 1 (iil 

[0109] il5t\ fg| 1 \^ LfzmtilrfZ&m 1 4& 
t>*«S»:3 0«rS«DS«CSi:*. , »eiJCjt<tt^»l 4 a 
(4, MWft^LT/I^^^^MLtl^o fig 

1 4 a ^rf^oTMQW^i 1 8 tc£l] iti" 5 Z £: t£ ft 
Ig^fflS 1 4 a (cm^ Lfcteffi^^WftASriStf 

[0 1 10] *«<*:i — 1f*^«:^yr*(ciJBdc 
i" 5 BSC: 14, *fi»^$^-Bt/j:«*«»j8ffiS:Jigrt 

#ffln*(£(4K*Ri iicl^^72/^^i:5i^^fe 
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.» [0 111103 9 Lfcfg 2 (Dfe^mcfaZW^ 

"mi*. sfi4oi kMcTa<D*m{*m4 o 4^«»*l 

^ [0112] — *Mfc»lB(c*5U^Tfi. SSiU 

t! mmfcs o t^Hj^Biiai 2 c^ttr^*/^, m 

Si 1 {-^U^ffiSrffiEKSBl 2 cX*<^if^6^i:^T# 
10 a 0 :wfcfe> Sfli ltc^cfciiciotfi^so 

[0 1 13] HI 3 7[:/TLtSiro«fi9j|:H5 

20 ^Ii« 0 s a i:/^TLI3 O 

tfMQWSftS 3 0 6 £fi£g-r SBSt^ JK3p|.(^>r ^v>^ 

[0 114] *:Ht6^<g^S»it*fetcJ:5t v H 5 

W»Il8Mft6^l:t, ^>^*A</)«SrW* 
30 flWras£c<evMO-c, L#vMM»Etf>(£«£m5r ^ 

[0 1 15] #*3 % *||*»!BK;fcl,*Ttt;, Sffc4fc#* 

MS^&ICMO V P EM^fc^, rix(cpg^$ 
*LfcV\, MOVPE&{:itx.T, WK7^Kt^f 
(HVPE) (M BE) mm 

[0116] if;, Ste 1 1 fc-^7T>TTSrfflV^fc^, 

40 -h (ngo) xttKft^y 9A«s^fflv^rt<t^\ 

[0 117] «>-Kil 2(4, Sfil 1 k<Vffl[Z 

[0 118] KIl 2 <7>Jbm5^t£b^f5 1 2 a O 

l&tfSL\ZV7 V*7m&m^tLifi, c£ba5 1 2 a Rxtmu 1 
2b«T't KWSI5 1 2 b ^ t>Ji£DiJC-e^ 

t\ i"^t>*>, thUl 2 a tC*3tt6^^^ 1 3 tC J; •) ffi 
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1 2 a KJB 1 2 0>±tffl£ffl9iAtry ir x^^lc 

[0 119] it, -v^^IUIt £l*«5 1 2 c j&SJK 

[0120] ^^Ri 3^»»^afk->y io 
=»>- (s i o, ) . mitm.it-> v ^> cs i on) , it 

flsT/u^** (ai 3 o 3 ) , mtmitrju^^ryj* 

(A 1 NO) , Wk\t*f-9> (T i O, ) , = 
(ZrO, ) Xf±Bfcffc: = :*^ (Nb s O,) Srffl^T 

[0121] (» i oynmmmom i «»w) £at\ * 

1 <7)«Ii(/)^ 1 ICT^ IT, 20 

[0122] m*RtfL&m<r>-*7>*mi 3{c, kih^^jh 

T*#>£* v^x^v (w) £rJB^££, -^x^iRi 3(c 

U -^^^fl^l 3_h*)#jft*flE4 1 <0#rtH^£ ^Wl^tb 

KftfSJH*3 o^)tggi:Mt6:^/j^^ 5 0 
[0 12 3] cftfi&JRrt^ftS-^x^Wi 3^*A*« 
m^^-S^x^ili 3 ^tb^T, Mfb^¥#^^R B H 
k<n&&M>t&\,*zt ic&m-tz, 30 

[0 12 4] mM*&MX*foZ?^y*r^t* y 
^w»fii«3 3 8 o°Cir, 4k«-C*t>iKj{SASiS5< J.oaK 

[0 12 5] i7liit^b^6-7X^Il 3£ffll^ 

&JBW::2ilRfiJc:fiJf l 4 H)i£T'(7)7t hyu^^yir 40 

[0 12 6] B7(c*H-J: mi XH£M<cffi£aiiR 
JilcfiB 1 4(ij£ftrt?4 3 0 nmM^)^V^^(7)^ 

*u-«t <o y mi <onmmi&iz»z>miRtSL&m i 4 tit^ 

T, 9/«ci«p^ffi/j:iMWfiEfiH l 4 (7)_ttcffijif£ 3 

0 Sr^s-rnif , ct 9 «*awR^MQwjsi4i 1 8 

[0 12 7] #iaE»Mfc:«*^**lltl 3i:^ 50 



• (Mo) , (Nb) , ^y^fy«>yt/f k 

(wsi, ) , ^vv-y -^-r k (MoSi, ) x 
fi-^v-y k (Nb s i, ) £-JB^x<b <t^ e ^ 

[0128] (mi <nmffimm<nm 2 xtkoi) o 8 
[0129] bskjih-j:?^ m2mMmizmz>¥m 

nlny^^ hf^lt5rd:^<, nHAl 0 . 0I Ga 
o.nN^f)/^nl^7'7Kll 6 ^SgtfTV^o 

[0 13 0] lH)IWiC^^rMlf:J; 
•>-Kil 2 0Jb^tcM^ B B B <l:^^1M«6^I^^T«^l 
2 b ^LTP5/;fe, vx^ii 3 Willi: teggBR 

2 <n±i^mfcf&mi-z¥mfcm^m v iA^^ < # 

fi^tt, nflljm^2 4iig5ttSLfcnS^7 5/ KB 1 6(7) 

[0131] (12 omimm) uat\ **wo>jb 2 <t> 

[0 13 2] IH9fi*M^<7)S2<D||ffl^liJ^SS{t 
»f®i/S^LtV^S 0 H9tci^^T, HIlC/TfM 

[0 13 3] #*J6»l8fc«5^»ftu--if3l5^-|i, 0ij 
x.fi, ^yr^ 7^P,/j:5Sfii l Aco±ffl5Jc, il^fiJc 

Si£<e*'rpi, t/i^*)HS 1 1 a<da$4 (=< 1 1-2 
o>) ^m^m-thi-LT^^* 

[0 13 4] :it\ nl^y^^ hil 511, Xfi 1 
1 A(7)#db^(5l 1 a ^C®±(C^^tltm^ B 3 B ^^M 

[0 13 5] J^JLT, 9^«fi)cStLfc*«(*:u«- 
[0136] 110 ( a ) , 010 ( b ) ~(D 1 2 

% 0^ ^ m 2 sg^fg ( c ^ * u — -9 s m * <n x mm 

[0 13 7] i-f, HI 0 (a) (C^fj; Cffi^r 
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m~*-30/iin£&5 h'>'* — >4 0 Zteffc-fZo 

^^-yx^f (R I E) mo-) 4 ^y=f->?\z&. 
«9 £& 1 1 A^JiSBUl. Brffi|jg*<iK) 9 ju m- 2 7 M m"C 
j££fttffi2 0 nm~5 0 0 nmWStSl 1 b &ffijg,-t 

11a GOffifWI&^j 1 J" m— 3 /i mt Ltl^ 0 
[0138] 110 ( b ) {Z7ft~f~ X 5 

h v^^tt^dhSP 1 1 a Sr*i-5aiS 1 1 A&»3„ 
[0 13 9] (EI 1 1 (^"TJ: MOVPEfe 

Srffl^T, mi&mX&tt 1 0 0 0TClc#fiLfc8L #J;L 
tf , ffiJjjWfi lOOTorr ( 1 T o r r = 1 3 3 . 3 
2 2 Pa) ^Tk^ir^m^^^^ia^^ Lt, S«l 

i a <7)_h(c: h y y ^jvu y *y (tmg) , t^-^-t 

(NH 3 ) IkWisJ^ (S i H, ) SrMUr, Sffil 
l a©±i: % figpi 1 a oHffifc?l.^n^Cffi±fc<t^ 

= hS 1 5^/5jcS-T6 0 n M V * ^ 

hilSli, ^1 1 a(/)TIi7i^±^ft^^ 

i i bopjjftij/j^^gLr^/c^B^^Piosi/Mc^j-fp] 

5 a !:Mf5o J: o , ^^(7)£j^ l l a omm 

#*§B1 1 btn&mRXfiMffit nW^>"? 9 YM 1 

[0140] ;:t\ t7r^f ■ra»fcjfc3KtKi i a(c 

[oi4i] a*; afb«*w»:fcdt*-r5i«ic, n?s 

[0 14 2] ^MiiCfct^tli, StRl 1 A 

— ^^M^nSo z<r>1zti>* fg*|5i i b 

K^^Ji-y^>^75^$ixT^^^ca$IU 1 a C7)H 
ffifis -t^WSS^jKl 1 /i m— 3 /i m £/J>$ Wctf), rij 

i a omm±\^f^^h,tzm^Bm^miR^om^^ 
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„ [0 14 3] illlCiot^, g^lSa^M 

" rit«««t?ttjra<Effi^tt i x i o 6 c m - 11 o»£-e« 
bmi 5<nmzn, *sri 1 bwssctisfft 

* hJgl 5^*5(tSifb«l 1 a o±fi«Jffi#<DC*b,b£|* 
SPl 1 c ±£>mtt0>CM£«>3vi' h^fiO. 0 lj- 
10 0. 0 3«i:»^e,ixrv^ 0 

[0 14 4] r(7)J;9tC, $I»ll^6ELO^f 
te^ffi*^ E L 0*ft t «:« L t f hfcj&Sffitf>-OJx£ 

hJ§ 1 5^Sfil 1 AiSttLTfc^f, "77^113 

6 0 

[0145] ft*}, C<7^ # % Jg^gtf 15a C^T^fC. 
20 [0 14 6] £*bM, #^7fcfl§l£:fcl^Tli % nM^y 

hJB 1 5 031WfiS:*SrfT^9BS^ % «8B 1 1 b ojfiE 

(ctftj-t^aasi 1 a irsifflji 1 b twnn^casasK 
«^f*3 o(7^^co D p pa{c^^#^^f£'r- ^(i^ 

[0 14 7] &tC, H)l 2(C^i-J:3(C, n^rn>^^ 
6 0 

[0148] -ftzfrib. mz-\*, mmi%.m&m9 i o°c 

IC^^L/c^, BE**S#?|3 0 0 T o r r 07K^<b^m<b 

I^7 7K116, n m.Jtl34 VM 1 7 , MQWrStlg 
18, pf*^Kil9, P a^7yh'i20Wp 
M=i>^^ M2 1 SrWlfcj«*-t-5 0 r^Tfi. MQW 

ffitil 8^r N l?^^^^4 nm^Gao.,, I n 0 . 0 ,N^> 
hte^ftFtmbW-ZfrmS nmfl)GaN*^^!l7 
40 JitcJ: t?«fi)cLrv^S« 

[0l4 9]«^r, d9[^f J:9(:, pl^7j/K 

(*3 OWMtt (=< 1 - 1 0 0 >) i-*h>*„ g 

ffil 1 A^»SU1 1 b i^pff^^fBlJC, MWQ?5i41l 

8tcstRW{cia«t«riiAi-s y y ^3 1 ^, mmni 

1 c 03±*TJLO»^8B 1 5 a i-tt 

[0 15 0] G a N*tt*(ipTa*tCfc oTig^ 

50 T*^5fi^. ^TOiia^H51 lai^Wl 1 
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[olsilRic, mm»3 o^y y ^»3it:^i4 

T, *£ftflil2 2_hlC y -y>?^3 1 ^Ct^pi^y 
2 3$:Mt6 0 n^=i KJg i 5 fC:fctt5 

So 

[0152] *ic, 9i^3 0(7JMir% -*-ft^*>a6* 

1 1 ASr-tO)Ailj-C^#H!i-Sr i:tcj;i9*«»jBiii4: 
^^H^^ B B B ®r'^5^, S«l 1AIC»1 l C £ 

^^m&$:m%\cnz ^ktfX-% 5o 

[o i 5 3] *lc, ^ #BHLfe*S*on^*ffi{i5Ba* 
ft 5 J; 9 icHm*|R*{c iotn-f^^ 
lu -z<o& s y ys?«3 i (c#L-r¥frft«ffi-e^-y 

[0 15 4] *^W^^Jc^6^f*:u-if^-7-(i, Sg 

AW^^fWfttHW^S ^ MQW 
[0 1 5 5] Hi 3 tt***»(S*C«5*aifl:U— tf* 

— tf-'SW*, l4 2i;^Lf:J:9(;, *»Jt»*3fts^u 

[0 15 6] *^ff^(Cf£5^tfU ifSmcm** 

tfe«r»bixS^fi, ffi»j*3 0 irSEffil 1 Atomic 
NKffil l c*«»(tfen*^t«cj;9. «JB(*:3 0^:a« 

i i At^**ft(cst^c#«*jxr^sfc«-c*)S B 

[0157] *(*:W(cRWi-5 fc % m 9 ic^f J: '3 fc, 
nM* 7 y KJB 1 6eOTfRi]tCte N g|ni^ =7 y K/f 1 6 

MQwgttiB i 8 -etrtsnt*** 

ri*StSl l AfKc^n^-rv^o Ltf»Lft^ib, *H1fe?l5 
(BMfcS^Tte, nS^y^^ Ml 5<OT«l:, ®*T^ 
#ffifcTtg;t^l#:Bl5 1 1 c &mrtXi^Z>tzbb, nM?? 
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y KB 1 6 tifii l AtwPfl|:»4«/i*SBi« 
rt £*vf, fi£oT, £/**<rc«;h,l£J:SMQWEH4JB 1 8 

[0 15 8] wW*^Wft»«K^*fefiR*rPI.Ji:-r 
i-fth>t>*»i l bcnmtsict&ft-fz. fUM^^u 

5 0 n mSSfcHtf , 1 1 AW^^*;(^«ix3&S||K 

10 [01 59] &tl s GaNH/ji5ni3^^ hil 
-^^coym^ J; 9 «i*W^«J*9T-^ 3 r t £ (,IK L 
[0 16 0] *j81S»l»K;fc^Tte, Sffii i A 

Al» Ga v In. N (f&L, u, v, wfi. 0^ 

u, v, w^i, u + v +w= i -efeSo ) -e*>*Ltf«fc 
^ 0 ^^ b b 0 wm^i:t£lo^^ 

[0161] 1 lA(Cf77-Y7^ffil^c 

^^ffl^xu^o au mikfr<<m&mmi ia 

Swi:^M^L^ 0 ^fc, S«l lAC^f^'fi^i 

30 -rtL^sr^^^t fts^s, *«b i i b(7)x 

So 

[0 16 2] SSi l Atcfflp^i l b Sr»rit-TS 

R I E&CJ:^ K7^x^f ^ 
tCl 1 bOHEffi^t^ilffi^^^-^^ffMU, SEfk^ 

[0 16 3] MUX X bW^-^l^ELO* 

40 -B:<ntLisb<n-TX?fBk LtztK JffflLfc#SiWsy> 
-^Iicf+*t5ct9i»^ ISl lAlc^fk 

^/y *ASrffli^5»^(cii, StRttSr«tf?[6]±$-a:S/L 
^(c, »ki/y 3>«s^feftS^^^BIt»aiJi l b<^ 
'>ft< fctJSffi±C»rici-Swi:*«#*Lv\ 

[0 16 4] ftfc, -^^^^1 3^, &{tis\) ^>-{CPS 
^>r, Slw*tS»HSi:7PLtM#, ^®co^f$: 

T'^^<. zhica^ ^<r>mxmmmic^LtzmM&& 
[oi6 5] a±raLf:j;^^ *nmf»m^»^ft 
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[0166] %tz. *mmi&miz& 

[0 16 7] (i3W«il) JL^T, *%^<7^3(7> 
IfWCov £#bs l^c^ ^f^^-T 6 Q 

[0168] mi in^mw^m s ommmm^m^^ 
t$ u iz. { * m - <?-> n ^ £ { -r - 1 1 - £ ^ i # ^ * « m -r 6 . 

[0 16 9] mi ^^^S^c7^^J 1 (7^tSiS^^^^ 

[0170] KJ1 1 2 <7)£-t£bg{5 12a Wlii^bfife 

Mkjfytyj* (A 1 G a N) n^AlGa 
NinSGa N ^trffltt^SRSSrWo n Mffife^- * 
7 y Kg 1 6A/J>nl3^^ Ml 5 &W:teZ>Mf&*: 

[0 l 7 l] [Ell 5 fi;£^»2tUc{£5^{£u~ if* 

mi 6(±**is^is«cffs^**u-if*^»fetH 

[0 1 7 2] *3<7>*J8»(8tc*5V^Ttt, KI 1 2 

(?)»1 2b(7)f$^5 0nmiL, ni»^7 
•;/ Kli 1 6 A<7)¥#J*&J*5rA l 0 .o;Ga 0 ,nN(t: LT^ 

[0 1 7 3] Hi 5** 9tC % ^jUfi^tttcS 

5*an*ix— ffsf^-dsffi i i K^otfttwa^^ 

[0174] * iXtt, MQWgtti 1 8 ^ KB 1 

2<z>ffiBMf|5i 2 cl-,fcoTg«l l £r#tH**iTV*3± 
n SIS!*^ ^7j/KSl6Ai K® I 2 i WW 
f-, *0SJrWnai8tt?^7 7 Kli 6AJ:^ i,/J> 
£ W^Xf^ag<7)jS^£^On^A 1 G a NT^ft^i! 
«J*fiJ3 1 4 A&89:ttTt*3w£(cJ;£> a C*Uc<fctK 
nM»^ v *y KS 1 6 AtSfi 1 1 t^WJC«±W 
^^^f^H/^fc*'), MQWffil 1 8(C*ott 
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„ [0 17 5] fc*3, wW*feW/j:»«Ko**«:iajk-t- 

1 2 b^S-+ffi^*< fc 5 0 nmS* 
£>*Ui\ ^J£l 1 fRiJ — ^ ^7t<0^m^H«6*jJc^< -f - t 
&X£Z> 0 

• It I) 

[0 1 7 6] iliRtft^/§ 1 4 AcDT/U^-ryj^a) 

ffiffcfi, 2%U±, M£L< te4%£M.ftZ>z.b\c£ 
10 19. &a*<0*«l HRiJ-<oanS:Mi*J-C#5o 

[0 17 7] it ***»lB^iai^Tt, IMfl 

14A^R)cft5^[C x AlGaN^t>*5*(S*W5 
■^^^IBl 3 ±(:«fffl L^J i E L OlSfiSrttfir LT 
fc, M^a e B T^5t£btl$l 2 a <7)TIlS^^^ 9 B B^^Wai L 

20 [0178] WT, fSJf 3 0 ±<D \) y -^gp 3 1 OfiHg - 
[0 17 9] mmfc3 0(£*>»t3£MtAl 2 c<D±^(D 

y y^7 7^scj:») y 5,^953 1 

[0 1 8 0] EI 1 7liil^3 0 SrJKj*i-Sflff«>»Wrt 
Mm 1 4 5 ¥ffiW£, -^^Lir^-r 

5il«figfiHl 4<7)»aa«i«Sr^^LTV^o H 1 7 
^-TJ:9ic, 7t^«»«{cJ:oT, ffitetfcffifS««c 1 4 
30 c ti, ^^fy^^ti^ 14b ^.t>'^^^5 1 4 a <b ^^{Z 

^3 ini&w&fr&ftteoJLmzm^x. mmcvT? 

[0 18 1] ^^c, *«*3Hffio»rtictt % SKiu 

mnmi*3 o^^^t5^^§ o *jnt»nucjo 
^"ct, k^ 1 2 iciisttT^^Psms 1 2 c icj: *9 , m 
« 1 1 jc^i:fc«is^i«tti 2ctt t"$iz>tzif^ mm 

ft 3 0^w»*«ras»j:(6J(-c#-&o 
40 [0 1 8 2] *H^Jtc^l>-C(i, n{RiJll®2 4llni 
fitS^F-^^y KJBi 6 A^t^J; 5t^rit$ixrio 
"9s n!»^77K|16A^nl^y^^ hii: 

[0 18 3] bm^L/cJ: OJC, MQWffil 1 8^e><0 
llft]t-«in^l^c^tC(i % niWK 
117 ir^Ri^ 1 2 c ^^rBltcr^^^^ A^r-^tf^^ 
*ilc«tot#)«t5«^B?l 5 *)io nftiJfStii 
2 4^JBj^-r5jti6<7)n^3>^^ H^tCT/U^ A 
C0*flfiJt*^^lw<yu^Jg (^|g) h n^Al 
50 ,. 0f Ga,.nN^f)45#I«rm^h KmS^Jgfit 
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[0 18 4] «I^^#^(iM^mt^$rfi^i7t^^:. #iJ 
;t(i\ nSA I..MGa..MNinlGaNiH45 

N/f mtj&fct^ laiaflfg*? <t ft 5 £ ^ 9 fc]JL£:#T^£. 

^)ni») K— f V^ftKS: Ixi0 u cm- 3 1S 

[0185] :W:J;^ AlGaN^GaN^ffi 
^Mtt5l^{;J:9, AlG a N©M$^ 

[0186] ft*,, fite^sti, r/u^^«i 

^2%X*£oIi^U/ (4n) WT^IU^ C 
[0 18 7] £ibf-> :£M£^t-J:6<^ Hi 7Ktf 

i-awissB i 4 Aco{6te&sBffi««ci 4 c ft, 

t)W$L& (Atomic-Force-Microscopy : A FM) {Z <t 6 

[0 1 8 8] * fc, i i [:t7 7 ^7^l^5, 

— b (NGO) XJiSffc^y ^A^lPtt «t^ 0 
[0 18 9] KIl 2 (/^JiSB^fiSB 1 2a(/) 

2 b^fiK-e*, 1 2 b <7V>ft< £ 

[0 19 0] -77^11 3ti % £B£gM 2 cjWK 

[0191] ^x^incii ecr^/n"^ 

[0 19 2] (l4Wllil) OT, *IS^WS4 0 
*J£fr*Sg ic o ^ T H ffi & # fig L ft a* e> Ifc ^ -T 5 0 

[0193] mi 8tt*mw<nm4<7>nmjtm^&z>g. 

6 0 UliSM&^T, Hii:*t*««tttW-otrt 
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■I [0 19 4] m3^^^S<t^^Jz(7)t@il^c7)^^ 
[0 19 5] l3iO»ll:i6A 1 Ga Na>£>ft5 

iitRj&^Jl 14A^ HI l 8 fc^-f- J: 9 tc % >— KB l 
2^£b^l3 1 2 a <7)TI®<7>i£«JC^$n^:G a N^bft 
5fS 1 <OiiiiK/&^Jf 1 4 B t s mm 1 GOi!tR/&gJI 1 4 
B<7>i£;Rt>'{S];#£S5 , AlGaNH/j:5S2wa 
&l!&mf&m 1 4 C £<£>2JBfl*jfi£: LTV^ e 
10 [0 19 6] ni^n hBfrttfe*n£jBJft 

^^7 7K|16A^ nWfny^n|l5A 
^^jlcOA lo.o-Ga 0 .nN^^/^ni^77 KJB 1 
6 tW2B*56i: UP5o ::t'(l ni8»^3> 

^nil5A«^, nSA 1 0 . , Ga 0 .«N«t nl 
G a N kfrtbteZMfe+mmt UTl/^o 
[0 19 7] «S»3 0<Z?Ji»B^*3Jt5 D Vi/M 

3i(c(i, l (D±.m\^(D^pmnM2 3 £ 

flSricU BSpfeiJ«ffi2 3&t>'U s/i^»3 1 5 
P«S^m^2 5^JF^^tLT^6 0 l^^td, nMM 
20 2 4 JL^f±&nfiiJ««2 4 £H 5 n«Elft«tt2 6 j&?JR 

[0 19 8] «T\ ^ItftJBtltcfiR-S^Wffu— if*^ 

[0199] ^f, >~ Kg 1 2 <7}£-dh£|5 12a coilffi 
Ltfigft5Sftro*iwlMM l 4 B 

te&k LTR)tS-r5*2 wil^fifcftjg l 4 clSldb&sg^ 

B, 14C^fE^^r2 0 0Tor rilitt^i 
30 <Si^LTl^o 

[0200] ~*ui. iE^I^tsa S1MS2 
Oil^g® 1 4 B , 1 4 0^**^5, 
ff^Ctt^rfa^Jfc^T, *>— K»l 2<7)Att*[6K 1"ft 
*£3|51 2 b ^m^06^^16O^^:^< ft^^T* 

[0 2 0 1] ZtUZ-ftLX, MQWStti 1 8 fifiSc«H$ 
<DI±*)&3 0 0To r rSffJC*< LTtrft-po m 

wSK*Sr»#J-C*, MQW^^i 8co^ 0 B BD F3 n g$rS< 
40 L-^i-t^«6T«>5 0 ^oT, gi(*3 0Wt5g 
Sl&0 ! S2(7)aMfi8l4B, HC^fi 

[0202] - ^ J: e> tc. il««i-5afl:*2)£W(*co«fi 

EE^^r^iE^ft i r><r>m&j&%:fc*m\<*x ta< , ^ 

[0 2 0 3] JB4Wj|lfiJB1IBJC«6*W»U-lf*^ 
50 ^^r>'*^a^^r^L, EI i 6 (c^Ufctti^oiSS 
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[0 2 0 4] ZtM, MQWffitt|18/j\ KB 1 

2 ctaotlll l £#||6Sft-C^6± 
^ nm? =7 y KB let Kg 1 2 t wPefJt^ ?c<D 
W^nl^ 7 s> KB l 6 A J; «9 k/h£i^*\Xf±|H]^ 

^iS*Rfi£SB l 4C^ttTV^*^T?*>5 0 wttjci 
•3, n 1 ^ 7 y Kl 1 6 t IS l l i: ©Bllc#4W'&:* 

[0 2 0 5 ] &*J, *jtJS?Bll|w»*tt, f+3»«l^ 5 =«. 

[0 2 0 6] f 2c/)lMIil4CW7/K^ 

2%J^_h, M^L<(i4%J^_biri--5r 
[0 2 0 7] W±<7)«fi!c(Cj; 9 , MQWffil 1 8^(7) 

[0 2 0 8] ^MWtCff SOBS 12a (VWM£M 

[0209] [119 (a) nw,4<nmmMmAcmz>miR 

rtftli^Wl^Ltfc"!), Hi 9 (b) [2f§2 
[0 2 10] Sa^Tt^ £ ft^VA^ftS 

[02111119 (b) ^-fJ: 9tC, Kwelo 

■f-ii, G a N^^/^f i^|4 0 4 «P|ft 

T\ T*E*£ LT¥f*g4 0 4{C&9 &£*L5:i*|C 
<fc "J , ^^f*^ 4 0 4 <7>«»tt*«*(k-r5 0 
[0212] :iXt:^Lt, HI 1 9 (a ) ic^fj; 9 

t\ Ga N^t,45*lWlR|iMl 4Bl£&i9iA£ 
*H»1 3 i^JR^aiWJSJfcrtft— (0*4-A««e*WE LO 
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ft*«ELOSl:«t6^«*«/j:oT^5 0 
• • [0 2 13] **16**«c*j^-cii. ftl<a»RjftjtB 

1 4 BlCG a N&ffil\ «2 0)lKAft| 1 4 CtCA 1 
o . o 5 G a o . 95 N£fflWc/$>, * 1 <£>5gtRj#fiB 14BC 
(3\ T^^^^^(Dm^^4%JL^TC0A 1, Ga y In 
, N (x + y+z = l) ^e>*Saft»*Wfle-Cfctltf 

[0 2 14] J^T, «JB*r*Sr#i-a*2oa*rtSB 
1 4 CMIt^J: "9 feUfrfc:, ^K|12« 0 B H t 

io -rssi (7>ig^fcftB i 4B^fiR-rse«j«:ia®^K 
^ trie 

[0215] *3 w**JR*-C»W L*:«fc 9 Stgffi 
lc#LT*Kft*rRl<D«*— KWJflPXtfMQWSttB 1 

[0216] 120 (b) tc^-fj: 5 t-x A 

1 Ga N^lb^5«Wi*SB 1 4A{C^^T7/U^>) 

fiK**l6]<7?*ffi«Co*lO 1 4 d^C5§^^/ )c 
20 Mfll 4A^I*ft > WttfrtftffiA, 

*^£%;i£<^ jS^SSffitf) 9*1*3 1 4 d(7^^^^ 
[0218] JWtctfjtCfi, 120 ( a ) \Z^~t X 9 (C. 

30 *-r, T/u^^^Aom^c3& s 4%^T<^SfL^y 

^5*1 WaKRritSB MBSr->-Kii2 
1 ff>iltRj£SB l 4 B IT, T/u^^i,^ 

4 vkmtFrm&&-rzm<kify 

9W^^5S2WlMSil4CMIf5o wti 
»2W31«ritftBl 4Clij*«*ffi(c-3ia*) 1 

[0 2 19] »2(OjlKAftB UCIt ^(DT 

1**5 £\ v^^il 3 ± ft: 4 l^WffiL^-r< 

ItlfiG a Nfefi^tb^TA 1 G a NjgfiXiiA 

[0 2 2 0] (13 2 1 (a) -12 1 (d) {C^"f <t 9 
tC, GaNK**), ^^B B 0 f$4 l^WtBL(C< V^^l 

coil^SH 1 4 B Sr*«J(-J*fti-S r ^ «fc 0 . 
«B*s»*i-5*-C»cK-t-5«2<D»tRia«B 1 4 ceo 

[0 2 2 1 ] 121 (c) II (OljRAftll 1 4 

50 B!i«<fcR|crtftt5t«), v^^Ii3±(«$W 
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Rl 3±<^*Mt*4 1 <?m&mZ±$ <©«T£.5 J: 
9 left 9 % ^Rtg&l 2 c WJ:*lCJ«*f 5SHB(*3 o — 

[0 2 2 2] fejs, ^I«|i:fc^Tll iSin: 

ffc^*, **^j*jfu— hxiiii^y 9A««rflH* 

[0 2 2 3] $fc, ^^^BIl 3ti, SHRAl 2 

[0 2 2 4] -r^^Ri ECRX/n's/^ 

[0 2 2 5] (S5 <£>3?K^flg) WT, **WO«B 5 <D 
[0 2 2 6] 12 2&t>*Hl2 3 5 WjtJfiJB 

AE(C:te(t5IWE#|fi££r^ 1123122 <7)XXIII-X 
XIII*(;i;fctf 3»ffi£^U «Hf£^A®. 
*5WMffi(C*3tt6»rap«fi)c$:^LTl/^5 0 IH2 2&t>*[Il 
2 3(c^t>T, HlJC^i-«j«jfP»tft--W«jaSr,«-^ 

[0 2 2 7] ^5 coHSBBIBtt, MQW^ti® 185rt 
tf«H*3 Ori^, ¥*fi*r*=«*»ffi 3 2&«Foi£i»flc 
i — fl^^SllCB^T^ 5 J; 9 tc-T 5 ^ £ $r#ft 

[0 2 2 8] 12 2^-f-J; 9 v— Kg 1 2 W±gp 
Kli* Wffi*^iKl3 lim^aSCl 2 a £H»HriS3$i 2 
/1 mc-«l 2 b ir^—^KBi:-rs^KB«it<*(7)3 4« 
M (I^510//m) r£M, »g|5i 2 b^l^^I^ 
20/, mt^ < U3tfi£^fl(ffl5l 2 d jWBj«SiX-C^ 

[0229] mi <nmmmmt mmo^mxmmi^ 3 0 

&teffrtZ>t . KB 1 2 (7)#£iffl5 1 2 a <7)7lS£1i 

2 dw±*"Cfi»-&*ix3tev^i(>, Bf»i-6«JB»:3 0 
<OAffiiwi±writ*JBB}5*«i-Swi:/j:<a^ns. 

ffiffi&&M$&i$iffi 3 2 |H4 3 tC^Lfcftjfc 

u-— If* J; -9 tc, Affi£MK£7WEfc-r£ 
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[0230] :wSW^titAi^o^i$: 
,.«^W*«IMt (AFM) tcj: «9i,^t^i: % ^co^® 

[0 2 3 1 ] ^ibtC, :<7)^I^lM®3 2i 
x^/u^-^f^ y^SMQWfiHtl 1 8 i n 

9Mpi^7 y KB 2 0^*5it5i8ffl±^S«Tta#t 
10 *^Ki|x$ix5^i:^/j:v^ rixtct «9 . «gflc 3 0 
*3JtS*«S§iffiffi3 2(^itt»wiaSJi#355«if&J$ixS<7) 

[0 2 3 2] m5<n^jffi^fii^s^*^u-if^tc 
±Z>t, * h 7^rWMl 2 a wiS3i&«*Sfii:-t- 

5 0 ZtUcJ: 9 % 1 2 d<D±*«c«fJi<*3 0(7) 

20 Btbs^^®»waiaa3 2 zLtD&m&mm&n 

!B 2 eo^*fl»J{c«S**fls: L — -tF^^i: co tf ftcofg 
[0 2 3 3 ] Sfe 1 1 tC-th^r^T^ffl^fe^, 

— h (ngo) y.nm.itJJv tJ*m&mi<*xi> «ti\, 

[0 2 3 4] ^X^UHl 3fi, fflBiaSl 2 c*«flg 

30 \,\ 

[02 3 5] -v-^^gtl 3t^(±, ECR^a'-^ 

[0 2 3 6 ] KI 1 2^±gj5(^tffci£hgBl 

2 a RtJ^fltlRJ 12b (D«git^:tl^tl 3 /i m^t^ 1 2 /i m 
l-RBbtb/jrv^s, ifb^n 1 2 a <7)*I£r*g|5 1 2 b <oiBJ: Y) 

2 a ^7I®(7)^ b b b75^^^3 o^e»-rsefiwf$ 

[0 2 3 7 ] C/- K«l 2 (^±SB^tdt^:«ffl5 1 2 

d^fiK^fflt*fi»^«c^*5-±-Cii^*ffi(cKSi-n 

[0 2 3 8 ] ^5 wmS^S8JC*3V%T*i, tEh%$ 1 2 a W 
* h7^7^fS]<!: LTfa@(^3 0(7)M^^r&j^ilt/, 

cD&j&mi&ztitzAm&&mmi&ms 2 tistztK Rib 

dh^l 2a^ Ltil^3 
50 Mi|*i:ii:35i-5A«*-rfi]«ri8^i:, Mffi#gSSflgf*£ix 
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[0239] (S5 o^mmm<Dm i xjkw) wt, * 
[0 2 4 0] o 2 4 fii 5 <nmmtem<n& i 

[0 2 4 1 ] IU2 4Jc:^i-j: 9tc, mi&M&ltz&z^ 

m&2 0 /im§S«±^n/cfeM^l 2 d^tLT 

^n^no^-r^®^A®7i^^^,mra^p^3 0 a 
[0 2 4 2] -ooj^lc:, ifcjiai3 2!;, JsS#t4^ 

1 X'frZmm&ffiM 30at B*f*^«I 2 . 6 0^{t 

rid J: 19, «Hifr*il*SS«-T?* #r«««ffi 

[0 2 4 3 ] #S»5SSffi3 2 |C*5Jt5 U — if*^JE*t* 
€ri*«)5t^i±, ffi!l®^l*:a5 3 0 a (aoTilf$3 0 

^msci-*mjaE:*<7>m4t*iRj<o(i-+fe^ % (4n) 

[0 2 4 4] fr*5, 0*Jffi?£Ktg& 30a £ 3 0 <7)pS] 

fPJl®£j#;^3 O a £r!£ltT t> J:l\ 

[0 2 4 5] I'— F#<0»gL#^ 

fiMMfcfi. {MBSIK8IS3 0 a ^{t^^^it^T, 
^2 o ft, fll'ja^ffiCSBS o a <n$}m±m&bX 

fc*3, {RW^Pf^3 0 a {i^H{$3 0^tC3o 

[0 2 4 6] (15 ttgUKflgflgttJK 2 ^JfcW 12 5 

ti, m5ommmm^i&z>m2mmx&>^x, k 

[0 2 4 7] cktdJ: ^ic-fS^ ttft<ftffij|tt3 0^ 
ft^r'ftte, StSi l-blciav^-ci-^x^ascftcttts. 

« 1 l 5 r 4: (c X <9 , *ft<omSfc*«r*tf 1 o 
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[0 2 4 8] dftfcj;*), *2*»0y^«Si|t**U- 

°<*§^T¥±fifrA®£rf^ io, f£u— Fame*** 

[0 2 4 9] £<b(Cf± N #J£*SISU 2 d rttStEl 

B>) l icj; 9 , ami 2 a^io»H4 

«Bt** 0 «6*<©J:5lc:|fiSta»ft:4:«rR|i^fc^t||(| 

[0250] (si 5 (Dmmmmo^ 3 se^gm j^t, * 

[0 2 5 1 ] gj 2 6 t^-Tefc 0 _b^(ca^3 1 2 a & 
tf«8&l 2 bJ&SRltkft, SE«S|5 1 2 b coiSffi&tfigB 

20 {cmio^^tmi 3 Aa*»j*3*Lfc>'-- kjs 1 2 a ^ 

Jhtcfi, IMfy- KI 3 4^E L Oil ia ^) - fr 
iC0f££ft-O>5 o 
[0 2 5 2] jl^fiSc^i/— Kg 3 4^_btCii, KJI 
1 2^dbBPl 2 a&tKfltSM 2 b i: [53^(7) PI^^^o, 
t£h^5 3 4 aMiW3 4 bWtf,Jxt*J^ R«gP 3 
4 bO|g®^t>^S(c:^2 60-^^^^l 3 B*S«j«$ 

ftT^<5 0 

[0 2 5 3] r~T\ t£btf53 4 afi, K« 

30 id, *«|5 1 2 btf>±#KJBj5fc£ft-0*S„ 

[0 2 5 4] ~(7)£7fc. «3«»«lCJ:-5^, iStRtfc 
K/f 3 4*)_bSBte:»rt ^HfcdilF|5 3 4 a <&mffiX 

So r<7)M3 4 a <7) Tinted:, 1 2 d&Ht-S 

db^l 2 a ©MffiwaUeS^^^Kfir^, 

KS 3 4(7^^^(-^s-t-^^p{&^^#^n^^i^p p ofS: 

s i 4<75±{c^$n5«afr 3 oii^i^^ y — 1& 

[0 2 5 5 ] (16 OHJfi^ji) JL^T. 6 (7) 

[0 2 5 6] [212 7(i*:3gP^(OS6(7)||jffi?KIS^S^ 

teUV^c H2 7tC*5V>-C, HI 1 4tC^-T^3(7) 
50 Kfilfl-<o»#Srf+i-- tUJ:0KW*:*K"*-5. 



51 

[0 2 5 7] 9i3(onmmmb<nm&±<Dte&fiL<nfrt: 

[0 2 5 8 ] [12 HCTjk-fJ: i^^r-fr^^^-s 

[0 2 5 9] ft 1 <7V> — Kg 1 2 A^JilFPtCJi, X h 7 
4 -^<7)fi£fl 12a StftfegB 1 2 b 1 1 (DM® [£ 

11 COv— KJ1 1 2 A<7>ifhSl5 1 2 aftViftl 2 b 

t¥tTXJLo*Sffi^*a:/j?*ifi]Xl[tte5/jrv^J: 5 (CIS 

[0260] ar, ptaiecoj; 5ictasnfc*»*i/- 

[0 2 6 1 ] i28 (a) , H 2 8 (b) -[131 It* 

[0 2 6 2] H28 (a) tC^-f J: 5 ^ MOV 

Jg£#3 5 3 0°CfCf£;£U 0iJ^L^IE^^3 0 0 T o r 
r <nfomb^^k(F>l&1^^m%h Lt, HI »TM 
Gir, ^*iH(7)NH 3 ^WLt, G a Nrt*<b 

f^9 7 0 o Cl:tT#£L/:i, T MG s NH 3 

s i H ( %mm l i _L(cf^i-5 ^ 1 K J: 9 , BSff^s 

0. 5 // m~ 1 ju m^(7)niG a N^b^SJBl <Ois 

-Kii2A^ft5 0 r %\<r>*s— Kg*) 

[0 2 6 3] &{C. [12 8 (b) {C^-TJ: 9 id, fl(7) 

ys'jTs vm*?* hi) yy?? jmczv s xF7Y7 : 

.^[p]^l(7)y-Kil 2 A<7)MW*-[Ml<t— 

1 <7»- Kg l K^-r^y^-v^Srfr* 9 

#J3 /Ltm— 6 /im(?»l 2 a «t BrffiHMtff) 1 2 //m~ 

2 4 umomito 1 2 b tSr-JHfflt-rsJBJHWifttfSrJg 
fi)ci-5o <l<?><bt> i»l2b^*41-ifet5 0nm- 
1 // mifd: Ltt^o 

[0 2 6 4] d 2 9 ( a ) \Z^~f «fc 9 |vl, ECR 

^^7^j£^i^t, Si <?:>->— Kg l 2 At£*3lt£)8f 
SU 2 b WjEffiRtflS® t u-v^x h/^- >4 0±tc s 
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„ [0 2 6 5 ] iSfcM, H29 (b) (Ctj^^Ic, 
^/^-y40lC»U!l7ht7fcfT4oT, 

**3, ^X^JUl 3fL ?J|£j$ 12b £D§i®<D<£;®£|io 

[0266] H 3 0 ( a ) M^l"* <fc 9 Id, WKM 

OVPEMt^ m*.&EEtlfcm 1 0 0 T o r r <D 

10 tl^t'fl-IL^ TMG, N Hj M'SiH 4 

i <7»— Kg i 2A(Oi(«n:Ha^ ,Sl« 
Kg l 2A(7W^H 3#>feBULft:Mtt£rttS£ 
BeHT, niGaN^f)4^l2Wy^KI12B^ 
)^It6 e ^coi:#, S2(7)'>- Kg 1 2 BJ;J\ #aiH5 
l 2 a <©Wffia*&±;frKj*ft-rS£*K, Kffiffi^3pfr 

mLx^tz^^m±o')Ki^zM\^-r^mm^m^ 1 2 

*UcJ;O x «*^i£hSl5i 2 a <^Hffi^bBKSi-S«-aS 
20 frii— #:{b$n-C, ±ffi^cffi^^*-5fB2<7)>— Kg 
12B^M^Mo CcD<b£, fgl<7»— Kg 

1 2 Atd*5*tS#«gPl 2 b^j£DSRt/^tStSB2(7)-> 

- Kg 1 2 BcoTffifcKJ: 5H*JxT*5*«[<z>SI»« 

12c«^tL5 0 CWttW, S2©v'-Kil2 

B<7)H)t»tt, 86ffl5i 2 bwHi-S*i:ftfft5#, #J2 

// m ~ 6 m X <b 0 

[0 2 6 7] ^2(7)y- Kg 1 2 B t-*3*t6iS^* 1 2 
e fcffc< *Rj**«*-Ctt, (EffifcaWft 1 x 1 0 6 c 

30 et'ft Ci^C^frM^l^xlO 7 cm J 

[0 2 6 8 ] ^7c, S?2<7»- Kg 1 2 B tC:fo it 3 £gf$ 

1 2 a £0±ftlJJ?|55>^C*lli:^BS9l5 1 2 c ± C«l 
ircO^/U h^fiO. 01H-0. 0 3gTfc^) 0 

[0 2 6 9 ] r<Dj;9M, *Iliit^6ELO« 

< feSOli, E LO^IUA 0 B i^/^2(Dy- K 
gl 2B^»l(D->-Kil 2AtS«U*Jf)f, 
^^II 3 i(7)f®T«(7)j: 9 h U^^ML^ 

[0 2 7 0] ^fc, gS^ftJ 1 2 e ^T^{-. SI** 1 2 

[0 2 7 1 ] **raB«lc*5V*TMU JB2^-> 

- Kg 1 2 BOiStRfi8««:fT/«C9fiBtc % ?H^1 2 b <^i£ 

2 A(7^±^5^tt/ct£b^l 2 a j&Umiftl 2blc£V)m 
S^^iiiaotM»l2(7)y~ Kg 1 2 B 

50 o frbffii&ztiz i'—'?m i F<Dm<¥%f&<D&b'o$ 
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[0 2 7 2] fttC, HI 3 0 ( b ) \C7fk-r X o tC, ^ L 
fc1&2<7»- KB 1 2 B<7>±£I$IC X [&fflSl 2 aMllS 
1 2 b£— J^ffl£-r5J^SR«itft£:, Kltois— Kg 1 

KB l 2 B <o«teffi(SBffiffl*oJt^ffiK"^s J: 9 t-JM 
t5:i«U\ *2»->- KI12B 

2aOlSffi<7)fi:f^, *1©S/-K112A© 

[0 2 7 3 ] rtUdJ: "9 , * 2 <7»- Kg 1 2 BlC&lt 
^ 1 KB 1 2 A^^BCSB 1 2 c 

k It, 2[ejg<7)E LOfijtf^ 
J: 9^<cS« ftfc, mtlfV ->A^^ B s B {ipTtl 
ftlctotawefcStft, *¥W«i:J:9Mi2 
a irStasSRi 2 b k&^&lz&fi\\-i-zzkfrX~£ % -7* 

&|5l 2 a ^ffi«*«>*fT/i:9Bi?^, *ffl«77^^>h 

[0 2 7 4 ] 3 1 fC^i"J; ^JC, MOVPE^ 

£Jfl^T, Wx.fi, /±^f/5^tJ 1 0 0 T o r r <Dfom k £ 

SSMS^iooo'CtL 

2 a(?)fffiic^^ci^» B B( b l 

*Bl 4 A£— *{fc£nS£-ei«fi3-frS 0 mtciJ: 

, ii^s/i 1 4 Afi^^ffM£tL3^£n 1 4 

a ^<-t-<X0^m^LXmtL^mm^l xlO 6 cm L ' 

[0 2 7 5 ] I^T, J£73#£*) 3 0 0 T o r r ^TK^ir 
^Sldr^^^ffl*^ U X«S.ft«:jKig 7 0 °C £ L 
T\ -f^fL^tu/zil^gil 1 4 A<7)Ji(C, nlgftf 
^ =7 y KB 1 6 A_, n^Tt^-T KJi 1 7 , MQWiftl 
18, p§bfc;tf>f KBl 9, pi^7 7Kl2 0Wp 
NJf2 1 ^i«lLTflI^3 0«:»l4t 
£ 0 MQWSil 1 8tt»«ttfii&S4 0 0 nm 

»^«c5^-f^S5tif)i:, #J;L{*\ flCS*s»4 
nm<ftGa..« s I n 0 . o* Nrt*k ft 3#FB £ ff $ riijfi 6 
n m<7)G a Nfr T Jf t \Z X 9 «J« L X ^ 5 Q 

[0 2 7 6] ^<?)i, (32 7(^fJ:9lC, K7^x 7 
^v*7£^J;9, pSS^7^Ki2 0W±aWpa = 
>nh!2 1 WU, MWQ&ttJSi 
m.$L&&AirZ>, ffiri*2 u m~5 n m<r>!) y i^U3 1 £ 
fi{i*3 0<?)AiW, f/^«12a(;)Xh7^ 

[0 2 7 7 ] if^T, fSBffc3 0lCio#5 !; y v?» 3 1 

nlg^f^7 7 KBl 6A£r(fULfc8L 111^3 0 
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(C^o It <5 , 'J v>|RJ 3 1 O JbftiJWfiMc&tf n SJiSte^- t 

„ 7 s/ KB l 6 A<n±M<nmmzZft?hMo%R&&rttL 
3 10>Hia»Ji*Cp«««2 3 tr»ritL, nii 

ft^f-^^s/ kbi 6 A<nmmm2 2frt > <nKm&VL±iz 

n{J0JS*&2 4*rJBfiRi-<5 0 
[0 2 7 8] #Cl^ $1^3 OWAffi, 

K*M*-C#a. ftib\ Sfii l fc«B«fc3 0 t<D|HI(c 

tt. ^#Mffii¥ff^wt/s«*-cjao2a**wffli« 

8B1 2 c^#4t^?5\ ^Hb^lSasl 2 cCioT 
[0 2 7 9 ] mc^ -*BBL^Pn»ffi«cBa4K»t*Sr 

20 [0 2 8 0] ^6cO||^?F^{C^5^^U— if^-T 

MQWiSttI 1 8 «r§tp«I#:3 0 (?)A«|*|6ll3 

[0 2 8 1 ] fiU CCDJ; 9 tc-fs 0 3 i*»e>5>^ 
SivfC, MQW^ttll 8W!lyS;»3 l^S#^f^] 

t*)St8ftA««li, #*aH*Bw«*« 1 4 a 
ijOS^irtcft^o »*»14al:*n5(E 

30 a« % MQwsttn 8(nmft<nfc&&mm'i-z>k, mm 
mmtm&Wi 4 a kmmm£mftx&)-\cm-\ x 1 0 

T. l^SAii^^^ 1 4 a ^rSI^JS r t {2^f£ 

[0 2 8 2 ] ^ 7C, lfefi-Cfe5S2«->- KB 1 2 B 
£ii*R/£gBl 4 Ai:<7)Pfl"CCtttc^-/uK*sflFaEi-5 

40 @^&3o f:L^C, i3 8C^fJ:o^(7)ELO 

i&M±t>$>K> % mztimmm 1 2 c <nm& 12;^ 

>-iri-tt(^ i^f&H^l 0 nm&±(Di?y'-*fy'mi&3&k 
[0 2 8 3] fyuhft^O. 0 5g^TT'*)<3 

CJ\ P^coi — fi^T'll^Ml 2 cirMLW^fiS 
50 iCttl^L^r ^^T*#5^T% i/Wy'mfo2&(D&±&V5 
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[0 2 8 4] £fc, iS«rit«Sl 4A(:^lt^)7T7;b 

[0 2 8 5] *H«6^l8^«63|fe|IH*u— !f*^ 

(c*5tt5S^ffiic:^ii:7i*rfS]Oiaaif»fiIil l 6 (Ctf-T 

[0286] rtiti, ^3 omffiMmtmmc^ mio^ 

is— KJI 1 2 B<7)#(£bai 1 2 a ^Mffi*>?>J«ft L"C— * 
(C, niAlGaNirnlGaNt SrttfgtS^liil^ 
»tv^5 0 ^tiMJ;^ MQWiM l So^comc 

[0 2 8 7] HUaiL^J: 9 (C, iSlRfigfiB 1 4 A<7)T/U 

[0 2 8 8] ft*J, ***J»«fC*5V^TJ±, 1 &o*Jg 
K112A, 12Bi:Ga N£/EWc/^, — ^ 
St A 1 u Ga, In. N ({B.L, u, v, w fi, 0^ 
u , v, w^l, u + v+w=ltfc^ ) i)*hti:Z>%L 
ittfV ItCA 1 G a NXteG a I n 

[0 2 8 9] ifc, ill c/» — KS l 2 Ati\ 
77f^frLTMLf;^, #n KJIfciiM&ifias 

[0 2 9 0] SSl l^^r^T^m^^fz^K 

-b (ngo) xt*mttfy<>j*^$:m\<*x t jh,\, fa 

2 KJI 1 2 B*«— fl£ft*tLfei:*<0|«H[36S2 m 

m^vi<t^§J: 9l:f5: t^i^ Li\ ^ w J: 5 ic-T 

[0 2 9 i] z<7)tnsb y i o^u^^mmm^s^} 

[0 2 9 2] if:, SlMl20i/-K112A, 1 
2B(?)^(7»l 2 a ^BfiJc-fSBSlcy v h*:7j£ 
SrJBV*fcj&*, dim5 1 2 aRtffflffflil 2 b#fl5 & 
l 2 b(0'>ft< t t>J£fl5lc^**Hi|i 3 
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2 a (d*5tt3-^:** 1 3(Cj:t9B|^)tLTt^j:i^tt0 9 
- *><ncBff*«j|sSAi: IT, 2 c*s»*SJxS* 

[0 2 9 3] ifc t vx^ii 3(i % mtisV ^VKRR 

10 [0 2 9 4] it 

[0 2 9 5] (S7 <75HJ!ft^ffi) WT, *«W<^IB 7 <Z> 
[0 2 9 6] H3 2*±*«WWJK7^*HS»IB*C«5a 
6 0 H3 2K*5l*-<\ [EI 1 t^^i-flfdcSBtt-tls]— OHftfc 
[0 2 9 7] i32 IC^i^ b (C, 17 COUffi^lilC^ 

ksi 2^±a5^ttf>n 
/ce Lo^iffl(7)i^^^i9to^ 1 <Djtmmm&w 

itbti. M/tAfflo 1 y y ^» 3 1 asu<s y y 
v>2f3 3 1 A<n{SLm&t>-*tm<otiak0>& ^-y 3/^*3 1 

3/^3 1 Bfi, fiSl 2 a £PJ— <7)*fpK£5£tf % 1. 
§ 1 i 2 WMJIffl^O i ^ 

30 |;i*$tLt^5. 

[0 2 9 8] j^T, HuiEOj: 9f-»*$tLfc^z»i*:u — 

5 0 

[0 2 9 9] i33 ~m 3 5 (i*56^(7^|g 7 ^Hlfe^tt 

[0 3 0 0] i-T, i3 3(OTfJ:9lC MOVPES 

ii*bt£Z>mWL 1 1 ICG a NA»£fc£>'— KS 1 2 ^fijc 

74^ v^>ymc£ *) , ^L/;^K112W±^ 
(C x 'J y^X h7^7°^WdhaSl 2 a «tSo 
Tfi, — ^Ji: IT, t£hms 12a <7)^f®*I^r^J4 m m «b 
L, mU 12b ^WffitB^jKl l2 W mi: LT, % 1 cn^ 
i55c^I^^ 1 6 u mi ITPSo 
[0 3 0 1 ] ECR^/N^^^^rffi^r, tfbffll 

2 a 755^^c^tbfc^— K^ 1 2(7)±|c^®(ch>fcoT, 

l^'^ Nfli^ «J7ht7t5:i:i:j;i) % a^R l 2 a (7) 
50 it>]I®^-77^ii 3/i^Itlif 5o 
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[0302] m^x, MovpEftia^ mi^m 

[0 3 0 3] HI 3 4 (OTti 9 (C. pl^77 K 

®2 0(7)±^t>' P si^^^^ ltc^ur, mm *' 

ig^^3jumT% J^g^ 1 8 /i m<DSg2<Dff^Jg]$]£^ 

o y .v $?«5 3 i A^t^y 5-y^^«3iB temrfc-t io 
& 0 ::t'it «Sta=Affltf>y «^^3 lAit £P$£tf 

1 2 c<0±^-r_&oj£^£l$l 4 a <h£ft^ftl^^ i~ 

* ^ t> , fefififi: & '> ft v /£ SS« J-^fifei- 6 . 

3 i A&u^-y r^3i BommRxit <vm<?m 

mZHitT^i-VJ* (A 1 N) ^&/j:$ttftR3 5-C 

[0 3 0 4] ftM, d3 5 tC^-t£ Old 
tiltsy yv?«3 1 ASr*ii^lWE*c#LX, K^-f 20 

^7 y KB 1 efcfc*^ — y ^£153 lj&sjfcfifcSJxS 

[0 3 0 5] ifctc, 13 2fc^t-J: 5fc, Wr-yitmm 
(CF, ) SrfflV^Rjett-^^V^y^^^ (R I E) 

ICJ:0, *£*M£2 2 (C*olt£, y y >>£|53 1 AW_b{Rij^. 

LKfclJ^^ tt/Cnlny^^ hJl 1 5tc£5tf<5 lo 

r^p^^-f^ttoo ^(^f*, y ^^3 i AROTwdi* 30 
*$ 1 1 ^ feati* 2 2 o m p gH5 1 *h <n m Hi ® « ± P nn m 

m2 2^mnw^t/mmmnt±\znnws2 4 

r^> 0 fc*5, «SR2 2M*5tt-5!J y^»3 1 A(0±fiU| 

£ftTt*£*6«IH3 5 t>£'>l4^^>^£*L£^ & 
A8«Elc#i-5ffi^fc^;&u<7K¥ra^- K*Jffl!t-l$»^ 

[0 3 0 6] &±<r>£ 0 (C LT^^tLfc^^^L If Iff 40 

i^lt f^^3 nm (?)Ga„. a In,., Na>«bfc£# 
FB^*S*SjKl6 nmWGa N *P «b ft y T/l£:7^b 
M^tLtMQWlgtti 1 8tCj: 9 , M^4 0 3 n 

[0 3 0 7 ] J£TF, *St*JR«lc«^2|fe»<*u--lf*- : f 
Wfti^^l8t'#)5!J yi?tt3 lAW^^- y y 
3 1 B t i£bffi 1 2 a <b (7)ffifi-&*Pii:*ifeS:l2|gp JCS 

[0 3 0 8] HUiiliLfcJ; 9(C, (U3 2(C*Jl>T. 
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■» [0 3 0 9 1 13 6 (a) I4ffiifc<7) y 5/ v?g|5 3 1 <D o 

i: iria* y y 3 1 tfc«t 

OPPSTttLfcy y^»3 1 14, dbSBl 2 a 

*Ui 4 a <t<7)Mtc*>oT, f ttaeSS^i^i«lcfi: 

f4iftte&SJS«a*_h«cffiHLT^6 0 
[0310] lot, di3 5}C^L7c, nM^>^ h 

y y 3 1 &m<M8ixm<D y 3 1 a <t ursi 

[0311] ^:t\ #*lfcWfcfc*5V*TI4, 036 
(b) (C^-TJ:9(C % y7^3 1A^;-y7^ 
3 1 $r^fi(cJLo»H^SS'J-C# 5 «t 3 WTW 

[0312] frhfacth, m2<ni&f&mm > 

B) ^oy 7^3 1 ARt>Y;-y «r^3 l 

E35«J-e*SJ:9t-*»*4:f*L-C*5< 0 ::m 

2 SrttLfcy y>?»3 1 fc««itAffl©y yi^US 1 A 

[0313] ^^vn±{c{4, y y ^«3 1 r^rtc 

^->B^8[H^^ili-^ v SV^Jfiftf^y s/^g|5 3 
1 ^ft^l 2 a <t^St^ffittH^5|B]— <t ft^, 0 f^o 
Xs 7 >ft < <br fc 8m^&t>-&^-? SrfflSi-tttf, 
1 -8<7)Pfl^J4, Offi*rf*-*-::i:j&s-C#5 y y v^SP 3 1 

[0 3 14] t^oT, IU3 5(C^Lfc^2/^>^Xmt- 
*5^T(4, — 0iJtLT, «B<*3 0 tc^tf-5#-§-3</)^ 
^ — y i/^^5 3 1 Bi:S*4W^;-y yv?S3 1 Bt 

(omomm^, 7* h-^^^w«#sr^*?-frntf, mat 

&Affl<oy y ^3 1 A$:atr^i5t^5 0 
[0 3 15] p{|ij^2 3MMt^)^l;W 

#2*S^f$^y r ^»3 1 A&®%lZ%%mXZ 5 C 

[0 3 16] Z^, l/-f*WyrBli|5)3 0 0/z 
m-5 0 0/jmT'^5fci6, S# 1 — 8 <75f5 3 <7^W!^ 
llHiT'ft< N 2, 3[eim^tL>5o 

[0 3 17] $ 6tC, KH 1 2 tigtRf&gJI 1 4 t 

<omizx h 7 >r -r«o?ffiHiffl i 2 c«$iit^6: 
£ «t ^ , ^ ^ ^ffi^^>i±B#(c± 1: 5 ami-o^-c 

UtB^-r^o C 05^**4, *>— K/l 1 2 ^±ai»C^tt/*^ 
Pl«l 2 c [5]±(nr H 1(7)£b^ 1 2 a COlfffi£E L O^CO 

/>fti>y 1 £iHRi-6(cf4, Srffl 
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&&m®i$:¥ffcX^fj:< T(ift^ftl\, ^mmMWActe 
V>Tf2, 13 2 J; 9^, QmZKl 2 c (CJ:oT\ 

iim7t<^^^*:# < ftSfcft, GSIU 2 a (iCfc 
^tifc«ASW«li:*S<Z)-C, t£b^P 1 2ai:8 
4 a t<OBI^<fc«-*-S«SfcffiAffloy j/^«3 1 

#s J: 9(c:/j!5o -t^fe"*, 7* h »; y >/7 7^iti: 
7 7as^^-^y h*:iPi±-e#s, io 

[0 3 18] ***JBIS^*Jl^T*±, flil2a 

[0 3 19] ffi^Sf 3 5 tC^ffcT/l^ ^-^jU^ffl 

i/\ tew* 2 2{cmti^v =*>&m\<*titiK mmm2 2 

•y-^^^li^^-y h^^^V^T*^ K^-<^y^>^-C 

[0320] ^/c, S^i l \z-*y-7r JT&m^ti-ft* 

h (NGO) Xfi^t^f ? ; ^^^Srfflt^T^il^ 
[0 3 2 1 ] $.tz, -7^^H 31:11, ECR^a'-^ 

Xi>&<, £?>U:#£L<fi. ^>-^^^>-^eDfi5ife^ 30 
[0 3 2 2 ] >- Kg 1 2 ^JrSB^dbgp 1 2 a £ 

[0 3 2 3] £fc, ^H^ff^ffi^S, St^craJW^* 

[0 3 2 4] 

* Bi(w±ic«f m-r s #&,n i»a>»»«r* tt ft < ft 6 fc 

ft * illfcfiScft « SWwi tft^-f - -5 fgJf flew <r> & 

[0 3 2 5 ] ^^^IKW±^WtB"rS*eft(t:<0 
S2SP£g:ltft< ft^^^fcft^db^iSfRldrwrfl^iSSir-r 

[0 3 2 6 ] &mi$*mrtZ>z\ ctfCj; «9 , 

«ffi&ejR«ia-C£, K*«»«K«r^BBffii: Lft< 
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,.ft5o 

[12] (a) (b) (i^coii(Di»||: 

[83] (a) &l>* (b) W*Jfc»|Hc 

[04] ^P^comi wH*»HS«c«5*fk^y r>A^ 
1T*£>5 0 

[16] (a) - (d) tt*«W<0*10**»«(C« 

sikh tc^-rti^ ft urai -c fe 6 0 

[18] *&W<n$Bi<nmtfcmm<nm2&ffiMlz&kz>^ 

[19] *«w<7>K2w*is?Bisic«5a[fb^y 

[no] (a) &t>* (b) n*mwo)m2<7>mmwm 

irj:um<nmf&mmimxr»>z> 0 
inn *i^(oi2 <omnmto\£»zmk# i J 

[ii2] *&w<nm2<nnmmM\z.{%z>m{ktfv 

[ii3] *mw<?)m2<Dnnffim\zmzmikify<?j* 

in 4] ^mw^rn 3 omMftm^&zmittf v'<> 

[us] *«b^s3 <r>nmMm\cmz>mittf y 
— if^wy ^^asjc^tt^stsirSiEft^ 

[He] *i^^i3 <r>nmMm\z&zm.iktf v v a 
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[Hi 7] wj]wi3 oinmmmizi&zmiktfv *a 

i-£»&l*rai-C£>& 0 

[Eli 8] ^^^^^4^^*^ffi(c^5^{t:^y *a 
^ ^ u - ^ ^- £ ^c-rtSfiK »r® HI 5 o 

[Hi 9] (a) ^^!§B^^m4(7)^»^(C^^^b 
^:^^tf5t^{C^^L/c|^®^[llT^6 0 (b) (2 

^2(7n^^J{cf^^^fi:^y ^^^^^u^if^^-o io 

fPf/&l-C<ib5 0 

6 0 (b) (ijrb^fflTfooT, mttrv ^^u^^mit^ 

Ii2l] (a) ~ (d) fi^^^^4(7^SSTJF^{C 

#5^<t:#y ^ ^^^m^^-^fm^om^^mm 20 
£ iar*w *c Tn-rm^ * i^f ® 1 -c #> -5 0 

[122] ^M^^^5c7^^^(c^^,^^y 

[112 3] ^^0^^m5(?^^^^^6^fk:^y *A 

^i£?gf£U — ^^-£r^U 12 2<7)XXIII-XXIIia^ 

[[21 2 4 ] *mm<nm 5 oimmwmvm 1 ^rmw&z 
[§251 ^mom^omm^m<D^2 7 Btmm\^h 
[H2 6] ^w^m 5 vmmmmom -smitm^mz 

®, t-^^tp^^AStC^tt^^^MllT'^^o 

[027] «p^)^6(7)i6igt:i6iih^y ?a 
[i28i (a) rti (b) n^mm^me^mmmm 40 

[129] (a) (b) fi*^B^^^6(7)^^ 

[i3o] (a) (b) ittmwwmewnmftm 

[l3i] *«w«o*6co||**lBic«5a[fk^'; *a 
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1T^^ 0 

t [13 2] *«WoJB7^|«S»IStc«sftfk^y r>j, 
[13 3] *%^oS7^niftj^ffi^«5Sfk:^i; 

1T*£>5 0 

[13 4] *^BJ<D^7(7>^^S|(^5^k:^y 
1T*£>3 0 

[13 5] ^^(D® 7<nmmffimzmz>mk#v vj* 
ix^6o ■ 

[13 6] (a) (b) n^mm^m 7 a^m^m 

U (a) fiaaEaAfflJcffiffl^ig^/j: y s^fflt^iB 
S*y y^»i:«r^i-|»Bi!H-e«>!9, (b) tty^SB 
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